Compiler for msc of cs 


Ujl-Uc. jat / ilicj — AJaljJI ^JjiJI A^ji^Xa JJjiJI 4aiS — J-lLull 4x x,\.-y. 


CjLa^j1a31j 4Jsjj ja !\ ^LaljJ! .3 

Programs to Compilers Related 

piVn.n jji]! jl ullLop. JiaJLj Ajajjja]! 0 al^)i]l Ac j ..Vi A a i Jaa j f-LlacI s. JpJI lii& ^^3 p'l j . a 

oii& (Jauiu i."n , v A^a^JI AjlL 0 al^)iJI .il.ic.Lj Aaa>LiJI Alal£]l AnJI JaJa Lgjua ^JjLi La lulc ^Jill j L^ut-a 

IAjIiLM ^Lal^jJI Ac. ja\all 

Interpreters 4 jjj&i cjUajI^i .1.3 

0 aU^)J Juiljj p j3J Lgj j£ ^gi (. aliVi lg j£j J dil a-p Jia]l ^L (Jiia A-pui^jJI dllil] l"ll apjia Laajl ^gA 

(ja ^LjuLM 3*u Uliiii pi? ^ill < — o jLi 3 J jj jj3 o jL>La ( Source Program ) j.i>.*ia\l 
pl.lVnJ JjJaijj ( Compilers ) e^Listall Cl)L<up.jla]l pi laJLml AJLa. ^3 CllJl 2 kJ LaS (Jal£JLj <lap.Ji]l 
Ll]j j A ladLCill (jaaljcLH ^^3 Aj^aLa. j BASIC (Jl AjJ (Jiia A pa^)JI l" )\ at \ jjJaau £a Auj_jfl]l i."ll ap Jia]l 
liiA ^gic i— iLiu J^]j (J jLj Vjlj ajlrv aj)Lv\ ^alj^JI ^3 o3 ja]l LvsVI ^ j - a Ju pju L^ujU 

CllLa^ Jiall jli diiliii 0 aL^)j]l 3-Ju L^uS pj o^)a (J£ ^^3 A-op.Ji]l o3LcLj p jii Lg-jl Cl)La^Jia]l Ja jj]l 
Aap.Jia]l A A mill ,1 j q Vi J^/ cd]j j ^caLj^ill .llijj ^^3 AjjUaa Ac^jauJI ClulS Ijl Lfral.iWtl (JjJaSJ ojLutall 

jl3 ta jaC j i sLtjJal ojaaC (Jaaaj Ap.j3j ^j3j. uia]l ^JsLj^JI 3-Ju Ja jaol Jj£j ^alj>J^ L>* 

I i iS \ j a" il Jaat \l Ja 33c. ^^3 (jlSjluajj (jl g jl > .n i o3lluta]l C )\ a^^)!ia]l j Ajjjill CllLa^.^jjall (ja 

_Ja33 o3Li*-a]l C~ll a-s jla]l Aaalxil o3la]l lilt] ^gi L^^.jjai ^^3 jS^jiao 

Assemblers cjU^^i 2.3 

(JSao jA, ^laajll AiJ ILLa Li jSii LaS j 33^a C-baL^J A >^il -A ^ la-s'i AjlU p^jiia jis ^a^a]l 
p (jLpa'J' (j3a i*J ^^3 j A a^^)ii]l ^^3 (J^aai L^_jLs lillii ] j C_UjiL^JI lilijj AaaaLiJI A^! AjlII l 5_3^L 
^a^all p jk: pj dlUtlll aiiili] Aljl^all ^la^MI AjtJ 3ol jlu A ^ajjll a"il i L AaaaLk]l o3LuLa]l d>Laa^)Iia]! 

.<ivi j) 4 Lj^l 

Linkers Jsj^I g-«l jj 3.3 

CllljLi ^j3j Jajl ^Jl ^gM jul> ^^gJI L-JUt II ^g3 C )\ at a^>all j dlLa^jla]! Ja (J^ ^Ll*v'l 

Ljajl J ojaiiLia 3jjjjl] (JjLs 3^.1 j <■ a.lg'nna i ala ^g2 ^laaj]l jl A a'N Jill A_iiaC Jc A_a»Jjl_lSl djlalall 

ClllaJLkJI (janjj A a3aiLaa]l ( B U i 1 1- j fl Functions ) ejAlaJl a ajl la jJI ajkJit AiLjalj iajljll 

(jii]| Jj3ll jlj La _jaC J i 3.1g"naa\l (_g3jjjJl <■ aia]l Lllii ^^Jl L_UjiLaJlj ^j^aLiJI (Jj».3li]I pliaj Ja Ajjllaa]l 

A^.jao pjj jls IdgJ J Li]! 3 j«j AilaaS pj J^ J CliLa^Jiall i ijUa j JajJa jjLa]l ^^3 jLS Jajl ^Jl Aj p j3J 

_Ajal«JI o3La]l oiiA ^^3 

Loaders Jjj^i ^»i jj 4.3 

3j3au J Ji Vi jl Jj3 i a3jLaa]l ^aLj^ill o^Lai 3j Ju a" il » a^.a\l j CllLa^. Jia]l p ji La LJLc 

pJJj i jSlill J_gi Aaaij ^aLj^jfil J-« (J-^- <— I *3 JJJ lg-ii (Jj jJ~»a (JSjaJ ojSlii]l ^ ^Jill Ajujiail ^il jail 

o3Lcl ^^Jl ^1 p3c. (^Jl AsLjaLfL ojSliiiLj ^3 _ja (ji ^^3 0 aLi^)j]l (Jia~sM Aaaa^)i]l »l L»i~. V tJ]3 
Jill] JLLill AajjJaiill ^1 jail lilli (Jjj^Jij (Jjai3i]l ^J»LjjJ J^^ L>® ''-Hi 3jc A-a^. Jill 

. 0 jSl 3 ]l ^gJj 0 aLj^)i]l (Jja^lj A-alaS Jljc- AajLi Aajj Jkj ^3l ja ^gJI 

Editors jjj^I ^ jj 5.3 

^aal^ 33i.l pi iA'A.il < AjJi£a]l ( SOUTCe Programs ) j3aaaa]l 2 -aljJ (Jj3j La Lajb CllLai.jja]l jj 

A \aUla AalcLaj ALuj Jj^J 0 al^)j]l cdL (J^.l3 Ja Ju La tJLc. A a'N Jill AuiaC jLs l3^J jj^ui]l 
Ail]l ^gA j A^a^)JI dllaJ Ja o33^a AjlIj iajjja jj^iuil 0 aLi^)J Jj^j aJL^JI s 3A ^^3 j £tal ^)JI 

J£j^a J Aje_lSI lilU A^^a jj^^ull 0 aLj^)J Jj^u Lllii 3jc- j L^J jj-aLkJI Jia]l ^alijJ^I JajJali i (Jil 
_Aiii]l s3igj Jjil J^J^ ■‘CilaC. Ja (J^-aU Laa L^J Aj^aliail A 'll Ju-ali ta3 j 
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Compiler for msc of cs 


— AajJaLj^lt 4_uj_j.Aa /^jlxl\ 4u 1£ — ^jalull AjlaL^. 


Compiler Stages ^ j^' lK' j* .4 

4 all-dll dl jLajt H (j>a 33c. jLdb t _ s ^l (_1^' J >'4I j' dljlrvll (j-a 4c. jxi-yxi jpa ^^jiLall (j^SAj 

(j-a lgjj£ (j-a ^t. ^)ll ^^Jc ji^jlall (_]^.l3 4 \>^i9 i<a f.l^^.1 Igji ^^Jc bill jSi&j jjl (J>>ia jfl (j>a j 

4jjlj ‘Lslda'ilj 4slida]l (_J^.I^)-a ^dajj ^Lill (J£ dl j eA^I j oA^.j 1 jjj£j 4 lb* \l 4_i^.l_lSl 

|(_l^.' j >-all *3A (_]£ jl f-3?' £"* cJ c 'Lsjj 4_isLdl dLijfLa 

Jjj/I cKl jA\ <d j3 <d jl Jc. *>JI Ii& ^3 jl >^>‘i*vlj (J^'^all ‘41 1 i dsa^jj ^ j;Q I . .i j 

jls (_£^i.j/l jLall 4 ^Jljjll ^Jc 4jai3Laill j 4 mal -Lll j 4*jI^)]I dl.3^, _jll ^3 jjj>^iq"i\lj 

j/a jd.j/1 f. jiJI ^3 1 g .si j£- ->‘n > 4_i9ldaV! 4jjLill dljjS.all Lai _4_i/ai*_ll o3Lall o3A ^3 1 g ~s jjA ^Aa 

.oAi.j]l o3A 

Lexical Analyzer dta jL 4I elk-* 1.4 
^c-aLi^jJ 4 il» all j* ( Scanner ) ^-mLall LiLri.1 4_lc j l)-»j La jl dta^jLall (Jla-a j] 

dlAi. J jj£j i a j^aJI (JjaijLai ^ixiad ^ j3j Clfr i Sj^aJI j/s 4j«_jLiLa 4Ajaalui 4 jjA ^^Jc ji-a-all 

jld _jA d'3jLaJI (_J1 — ^ jj 3 (jl 3 4 -y.a^)il' 4itJ ^ Tokens ) d'3jLa jjSb ^ i» .a d'L 

| t _ 5 joll 4jiil CJjjfL&ll ^JLill O^Laill J !-»■■' (jd jL (JliLall (Jjjja) ^l»a 4jt_lll d'3 jLa 

a [index] =4 + 2 


dl3 jLa 8 jjSj dliLmall i a.wjj tij^. 12 (j-« 03^-4 'La 


^j*^a identifier 

o> ja ^) j-y' l>- j 5 ) left bracket j 

^ index identifier 
o> j3 ti^l) (>j! (_>- ja ) right bracket [ 
(j ^n^Vil l >»j assignment sign = 

^ number 4 


>j plus sign + 

^ number 2 

(.ball (_Jj3 oA^I j oA^ j 1 g » J-a>'i ^il jjSI jl A^.1 J L_a^)^. (j-a (jjSlii 4 9jl >ull db^)La]l (j-a o3^)La (_]£ j 

4ildaj (JlLa dh >41 jid (^1 43Ldjfl-J *•" ^ ]b» j 33 dl3^)La]l (_]1 — ^ j 4j]Li]l (J^l ^J-41-J 

_dil_5j]l (J jA^. djl j$ll 43l-djj (J jAi. dli^)*-a]l 

Syntax Analyzer .2.4 
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AliJC. jaC. j iliC-j — A-uJalj^)il 4uiS — 4jt-ala 


e>jLu> ( _ s iiu ( Parsing ) <--iljc.yi ka.jx Ll_k l$_Jc. (jjik k ji kjakl ^ukl jj.k"' -ckj-a <jl 

Lllj j ^ckj^jll (_]k& 3 j. W il 4-jj~s ill ^ dllj^jLa]! (Jk.a jj-a Clllj^La (Jkai ^2 jA-aalt 

) L-jl^C-VI oj’N u> e-LLil ^ajj Ajkjkl oAgJ A y n j j A i» nl-»\l djlilll (_ka. jj-a ^ kaJ Ail ^a]l (Jjkj (Jk 

<3k4l ojikl! jkxa (_pa Ju ^Ic. JllaS j ( Syntax Tree ) jkll j' ( Parse Tree 
k (j^ija.o-N'i'1 j-alj II Jkj ( Expression ) j^ki <jc- ojIjc- ^4-3 ^j-kl 4 *L t_j jk,all 

iklLill M l k'1\ ^l.klmlj A liLaj j)5Laj (JkgJI lift j 4 jlUI Lib 

( 2 ) J^l 


(jjljjl Laiu Ig 1'i.al <^41 L-lkljlH o-LajoiL ^jjjji-a L-jl^fr^l '* jy A jj^a 4_ikl.l]l .Vi* II (jl 

.ClL/LkAall (j-a dll^^ji-a]! £jlili (Jkj L-ll^C-VI o^jaAu 

CllLa^ia-al! (j^-»» j j~\ ill oj’N A j..o'l's'i Clua L-jl^C-VI *J?~ A (j/s ^Aj J~~> 'ill *J?~ A oLaul LiLia.1 j 

(J<tu.tn‘iH ^ya\ (JliLaj *Uk_aJI j~\ ill aj'N A3 .lAi^jki I g La jiiSI l^-i^ L-jl^j&VI *J?~ A ^3 4_Aaj^)*-a]l 

l^glj LaS jjj£j (jjjLailt 


_ djl-i^i/ill (_yo3U I^jS Laj j~s 'ill o j'N A ^^3 j^Jaj ^1 ,Vq» II (j/s 33c- (jl Jaasw^Uj 

Semantic Analyzer cjW4l <Jk* , 3.4 


jj-a ^c-aLi^j (jl AjW3 3jAsA 4jj~v 'ill Ajtju^a 4LlLa ^2 (j-alaJI ^ i» oil ^j-aLijill AjW 3 (jl 

£.3j1I (_Jj 3 l&3j3ki (jkaJ ^^ill l'~ll<U.oll (_pa3«J ■‘Ca-a^jJI i .'~ )\ » \ a (j^l J (J 1» >7 iMI <aljjl A !^ ^jki 

^Jc. (jjllajj 4 jj~\ 'ill ^Jj^aSl (_Jk-a A km I ^ I g Lki jl I g 9>.^> j ^llajjaLl V i.'~llq>^»ll lillj (j^l j jj i» >«MI ^^3 

^41 Ik Jjkj j& CiW4l (Jk-a 4^§-aj (Static Semantics) kkl cii'i'i^l kl ciilLkl ok 
Type )^'jjVI jlfkl j (Declarations ) ^kl Jkiu Jxki ^1 CjW4I (> 

f4jj (Attributes ) okL^a. ls a^i cjW^JI ak (jkk ^1 <jsLja)/l cjkjkJlj (Checking 

33 j j~v ill ojaAu jl t-jl^jC-VI oj'N Ail ^gAuljok l^isLAal ^2i La tJlc. j 44laJ! ■‘Lk^jkl f-Liil lAAjAaj 
A i.sn\ -yll ■‘LiiaiLaiVI CllLa _jkall (jl Aaj (joLaJI (J^»j>^tn'iII ^xsl (Jlk ^^33 . jj^^l (J jk-l ksul i sL-aj 

ojIjc. a (jl l3^j ■‘U^aLiJI CllW^ll (Jjkj ^ okl (Jj 3 lg»jx>-N - i C- laj kill j 

jj-a (jjk (jl C_Laj 43jq>^i<all liillu (j-aliJI (jj^^all (_^Aa (jl j (Integers) 'Ca-jaukkl ^kll 43 j)9>.oxi (j c. 


lillj 4sLAalj CIjW^II (Jk ^ ^JOua jjiAa _jA Index LAajI A i~s >^i\l ^kll 

lkl-J La£ ^ Jj^ajl j~s ill o j’N jJal t _k“lj)' s S (j^ajkaiJt 


Ijli CllLiLnll jj-a ■‘CjjouIIj U (jS-a) (J^>j>^tL'iH ^)-al (jl jj-a kliill Lllj jj-a otkiVI 

^ Li» 1 4jl3 Vjj ^J-aVl (k CllLiLnll ^-1 jjl (jsljJ (jkj CllV'^311 (Jk ^ (jli (JLLall ^2 LaS ^joluo Llli (jk 

,(j3l jiill Ik 3^a. J ^»3fr Aiali I kk <1 Loij 


Source Code Optimizer jA^kl SjLi . 4.4 
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jilllJC- jaC. j lllc.) — 4-uAalj^}ll 4uiS — ^j-jluli Ajt-al^. 


t_dc. ) ^ 3 j ^-“Lj^dl ijiui (jjmVn 4 _^,UJ 1 dd j^aiJI jj-a 33 c- ^^Jc- (Jdidj La aAlc dlLa^^jl/dl jjj 
lA& (JlLd 4 _ijlS^al idliA d 1 i*s dlWAll (J d^ ' jj-a »l ^-l - V 1 Ajij 1 g la j^l p^Itn II jj^SLi (Jl ^jad^l 

La ya£. j 4 -a 2 kjdl (J^l^jja (j-« 4 -L-*aida <la.^aS laJ (_£,dl jAxaajdl a^)Sdj -LaSS -Lulijjs 4 j£dj 

ddA £ 3 _^ (_g^ Ldad jj^l j ^du (_£A]I (j imVill £-_jj (_ 5 ^ JaS 3 (jjid 1 g jjj LajS i ktidj oAAjdLdl dlLai.jl/dl jjli 

.4-aakjdl (J^l^a (j-a>^~» (j n it's 'ill 


4+2 jJJ*dl ^^3 (JlLalii jAj. . a^dl ^^sLi^j (_g jliuia ^^Jc- (j im*s'ill lAgJ “dajj dlliA (jjjLadl LdllLa ^^33 
» j^- -','i ^2 a^jduLia ^du (jl (j^oi (jjjoiaddl lA& j 6 4-llSlLd j 4ji2kjjdl oAA ^^3 4jl jjSuaj Clfr 

\ LaSi AAIjLj <Lal3 jjC- Ja33 j.m il aj’N dll j)-a (j-aj'JI t—liL^Jl (jJ^Ja U *"" <_j-dl_j^JI dll A j~s 'll! 

(J^jaii ddA (j^jdj ddjladl L - dcd (jSU J '"■ J^- A'iII ^ic. o jdLl<a lApl^ad jjSuaj aAAxda dll iimVi A^.jJj 

a^idllj La (_s&_J ^^T- 'll Ajtd a^id (jxs Lll^jS (jjdj (_£A1I 0 ^ 2 . dad ^ L»-v\l (JSddl 0 A 19 Vi 

o jiLi j j a^ JI o jid jyj ,*ij o jaddl oaa jjd Jl o jldj J ddi j (Intermediate Code) < 1 =^ Jl 

a j’N d jjli lAA (Jc. j ^.^jLa]! 4 ]^iml JaA3 ^AiduU jA^-saxdl ^^li.lA (Jj'idi (_^dl J 1 sAgJI 

l^d _jdj jjLp.'il (jAaJU ^^3 l^dl jLdj 4 kn„ j\l 1 jidJI j)l3 dllAl j 4 L» u ,i j ij^id i IAjLjE-I Ldaji (jd-aj j~s 'ill 

.o jid a ( jjd j (Intermediate Representation) -W“> j J+>d 

Code Generator s jidJI a]j^ 5.4 

A3Ag"nii<a\l 4JVL 4 >^<l -n a^)Ld Adjjj ^ jid Jaija)_j]l (JdLadl jl o^jidJI dl^l Ai>.lj a^id]! a]^xs 

(jjdj 43A^!Luixdl (i— iml ~vll ) 4JVI (j^»'il . ^i~s (jld 4-a^.jdl jj-a Ad^^xdl oAA ^^3 j 1 SA^JI a^jid l gJb (jdll j 

43Agduudl 4JVI eA ^j2w^xdl ^)-al jVI ald^iml ojj^da i."n~s jj-a daa3 (Jjd lAA j ^^joiLoiVI jdiLdl 
(JS I g \i» dj ^jdl 4-^L-c-dl AjA^j 1§j 3 ^dij ^jdl j dlLiLidl (JdLalL ■d-aaliJI dlljl jdl Alddl Ajc. Ldaji jj£J j 

ajSlAll ^^3 (jLu 

Object Code Optimizer < — a-^JI a jid . 6.4 

■‘iLi.^dl lAAdjj ^di ^^dl i_aAgJI ajLtl ^ dll innVlII f-ld+j f^+jddl (J jla-i Adib.^j-dt oAA ( _ s 3 
jj-a Ajjj l^aII uAml dll (Addressing Mode) 4 Jjddl t_jjLail jLili .1 (J-adu dil Lja^ddl oaa j <iiLadl 

jj& oj^)Sddl dll II i SA^. ddiS j ^jjail j-al jL 4_uiadl ^xsl jVI (JldlLal j ^-‘slj^jdl Ajfljj Ac. ^yji 

.Ajjj^jjdall 


i d^a_j]l lAA (jl AjSLdl ajj^da ^-a ^ 2 k.^)!Ldl (_J^.l^xd ^a-adii^dl i k^a jll ^ g Vi i 4 d 2 k.^xdl oAA 4 _ilg_bj 

i dlidj (_ydl J dlLa^jlad ^laqll ^aJJajdl (_y&J «-i (jl (^jj^jdall jj-a (_>ad j 4 daa^a (_j£ 4 qil-»j daa 3 ^dajj 

aAj^.^a l^_dal ^)*duil ^di (_ydl u!^ ddA ^-a j)SJ j A i.ai)Vnll l g Ij > ^il q'i ^3 (_yax dl l g ‘ ■^-» , » j (jc- IjdiS 

Data ) djldLidl C . n^l Jj (j-a AA*J IL& ^ ajLdVI did AS j lAA .djLaawjidl t_d&l 

a^)^d (JlLa ^ 2 >.jlxdl (d^.ljx (j-a 4 i^.^a (JS l g -yl'IVi cs-^^ dlLa jl*-dL lal a'd^i l 4 -ajjUI (StrUCtUTeS 
^>jAad (_jJLdl f.^idl (_yaL> n'S ini (^jdl j (J Ldaji j did jdl (J jA^ j 4 Li n.i ^]l a^)flddl j j;*s ill 

.^jSk.jl«dl Ig jiAddLuJ (_gjd 4-imLm' V I dlljLidl L_ n^l^jd lam.ixa (jda^jC. 

^a.jldl 4j J oiLoi'il dlLiLidl l_jj£Ijj .5 
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^aC- / A_ujjAa /^ j \ xl \ 4u1£ — AjlaL^. 


Types of Data Structure in Compilers 

^aC-Aj t _ s ^i ClAjLlill C- (jJJj ^aSajiLall (J^l^j-a 4_laja)l <LaAVint.al' CllLlxsjjl _jiaJI (jjj Aijl/l*JI (j) 

CjJLaiVl USIj CllLixs jjl jiJI oAA Jjjaj u' J jL^J ^2a.jlall aIAc-L ^ajSj (jilli AjjS Aiil/lc. (ji.1 j^ll L11 j 
4_ja 1 jjSj jl *•. i> j ^a.j!Lall jL Ajc. j.iajl 1I1 La j&j jjj£ jAsj AjS*j3I SaL j ^^1 L11 a (jAjj U U_S^ 

C- nSl JJ ^ajAitij ^ jilui f. j^JI C5^ J 4 -a>*v £-a l-Aml H j (Jill Cll3 jll ^^3 £t-aljjjll AaS.JJ LT^" ^J-^ill 

l^jLilaC- j-a liuiluil $. jia. J. 1 " 1 *' 1 <j5ll j 4ql'iA.all AiaJj^s ^2 ^Sajlall l^jll } ^jill 4 nunjll ClAjLnll 

\$ ilJ ClsLa jla-all (Jij ^aAiL j 

Tokens ^ jLall .1.5 

<j\i saa^ $a jia JjSj (Lexical Analyzer) ja^l' cJ^ 

4_usaLiJI CljlAjLall Ac- j.a’N.a (JlLaj ^^lill aAAi-a]l ^ajii]l j-a A-a^S (JSjoi <_ 5 ^ oAjLall oA& (JjlLaj ^oj 4-alc- AL^aj 

oAjLall (JlLaj ^^lill 1 S jj^ll ALaLu (jjjj* All j-a (jj^-j dlls jVI jl~>» j <_5^J jAa. — » AjlL 

■aJa* a ^3 J 4 _ia 3 j 1I oAjLall Aaj 3 jl i SjJualL (j-aLiJI ^ajaiVI (JlLa 1 g La AaLLuJI CllLa jla-all j jn » j AI1 a£ j 

jjilLa jli aILaII oAA 4 J< (J£ ^ -laaS eA^I j oAjLa .All jj ^1 CljlAjLall jj\~s<a i Aa-a^)j]l dllaJ 

AiJ (JlLa CllVl^. j o3^)La]l CllLa jl*-aj 3--»\ q"i~s^U A^al^Alml (jS-aJ ^alc Aa.1 j 

_ClllA^)La]l (jc- CllLa^Lt-aJ J-»l q"l^>^U A3jq>^<xi 


. .• .• 
iAa. ini 


Syntax Tree j^''oj^>.2.5 

4-ajli ClAjLni] AjjS^jjS IAjLou] ^jj La o^lc j Sjfij -^jLj ^aji J Ajj^-Ji Aj ■ iJLa-a (jl 
Aj^aLaJI CjljC.'^M AjLaC- ^aAal] taS j (J^Laj lAa-Llj ^ajj a"n-s (Pointers) Clll jjaij-all LA'i.J ^Ic. 

(JS J Ail I J Jjila ^alAiCLailj lg_j L»1 q'i~sVI ^ajj (JaalSlL oj'N A~i\l j jAa-^xJt a^Lo a 

A^UJI (Fields) Jja^' <JLL (Record) o& o jC& o ^ (Node) 

JJJ3U CllLiLiJ !>LLa3 Cll'i'^A]! Al^.jaa jl Ajji>A]l ALs^jaa a-Liil lg»j.aVi ^ajj 

aASC. iJS (jli Laj^aC. j jiiatMl L1 ]Aj Aa^aliJI j~s ill o^^joi oAac. (_J^.lA ^2 (Ja-v^ Aj J-»l q'i~sVl ^ajj ^gjAaljj 
a A tolls 4 llLaJ Ail AjuSjj ta3j 4q\'iAxi ..qA ^ T3-»'i A3 j~s ill o^j^Au ^^3 

A^.1 (JlLaj a.Vqat \1 l^j L»q'i~s'i t _ s L]l ^j^ajL-aiaJI (_jc i <l\"iVi . ^iA j ^jJaLj ^m‘i (JlLaj 

,(j^x jll \ g -si* ) (_jfr l^Jjkaa (^3 i aiikj j~v 'ill o j'N joi A3C. (jl3 Ia^J j ^)aal jVI 


Symbol Table Jj^?-.3.5 

(Functions ) a ajl La J 4ql'iA<aH Clllijjr-allj lafijj CllLa jl*-aJ lailLaL CllLLnll AjjSjj jA 

Jtliij J iLaj (Data Types) aiaLLu jjl j (Constants) aiuljjj (Variables) aiil jjila j 

(Jjiiaj Aliajaa f-liil (J jAaJl ^gi l— s^)*-allj 4 >^il All AiliJI <aLoijl ^aJJ a"n-s ^a2ajLall (J^J^j-a ^J-aia ^-a 

i S^)*-a]l AsLAalj CIiWaII Alaa^a ^a _jA i ^aj Ajj~s 'll' Ajj^all ALs.^a jl dllj^Lall 

i SA^JI a^Lo i (jjjoiiajj f-liil CllLa _jL«-all Lllj alA^lml ^ajj j_jl ^^ic- l^-J 4 >^->1 All dlLa ^jL«-all 

jl jl AslAaV' ^9 £.1 jjoi 4 AjlaC- bj£&l 4-alAiCLuil ^ajj jj-a^)!! (J J 

A^sajlll AjlaC Sf.laS j_j-a 4-al^JI A^'* 4 '^! (j-a A. 1 ' 1 *' 1 ^ ^ -a 11 oAg_j ^aLjill Of.laS (jl^ LIIaI L^.^jlbaiVI 
(JjiLall AjjoiLoiI ClAjliJ 4 jj£jjS (Hash Tables) AjjI j.Lm-11 J jlAiJI ^AaJLuiJ La O^lai lAgJ J 4-alc. 4q>^»; 
djLa_jL«-all l^a.^)jjail j i SA^JI j AslAaVI ^^3 Ajllc. Ac.^)jai j Of.LaS (j-a l^J jj-ajj Lai jj-a^)!! (J J-^. 
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Compiler for msc of cs 


<LujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


Literal Table JA\ J jAa. . 4.5 

11a ^Liaj V j £oolj jJl Jib dAijdall AjjsSjII j AjSjaJI djljlill jjjijj ^jlL J jAaJI lAA jl 

Jib Ajjs jaatJI 4 L.o IgJ jj£j <— ul j3l Ailll jjSl cdlj j Ig LajJajj ^^jll djljlill i sAaj ^blll (J jAaJI 

JaS3 aAa.1 J SjaI jg JaJ 1 g La j£ (j) La£i ^--aljjjll gl JaJ j-a AW .» g jaj Aiajjjjs tdmjlj J5L£ 0Jilj Jill 

Jib ^3-jjjll 4.1id (jill ^^s ^->g xi jjA aJ djl jj 3I (J jAa. jli Laj-ac. j (J jAaJI Jib 

> «4g'l ajLoi AjI jj Aia.j/s gLul aAilmJ AjI LaSi aj£bll 


Intermediate Code J' * jiill . 5.5 

aj.L~.il I bAA jli 0 jLaJ ^jj (Jill (j u.fv ill jjl LsSjj tg-al AiALoil ^jj AiaJjji jll a ja.t~.ill jj t-J-uja. 

dSjjs (Text File) 1 ®3a ls^ J 1 ® J^>^ll Jui^Lui jji ASjLuasjj (Jib Igj JalilaVI ^ajj AS AiaJjji jll 

jl iiiV bjjj£ AjjiaI ^ Jajej ^c-aljjjll ajajiil aAa* a jj..t*s~i dll il-aai j ^ajSJ <^111 dLaa.j!Lall jl3 LajjjC- j 

AjlaC- j-a (Jg ml (Jill! 4 jajjaijll ajaLill J. >«sVl JAajll 

Temporary Files <jS>3' cM^\\ .6.5 


gljji ej£bll ^^3 iLal£ ^jsLjjJL ialilja.LU ^ISJl ajSbll IgjJ j£j ^1 JjLjII ^B (. _ iLjiljaJl jl 
J-»l q"i~v^U AjSjjjII dlaLaJI j/a Ac- j.a’N.a alAijjjiV g j’nIII ^jj jl£ La IJlc- 4jl3 4 15 Lt.al' bAA JaJj <La^.jjll 
AjAa-all BjSIaII a. y ~\ ) (J^»l All Aj£]I (jlj La jmC. j <La^.jl]l (J^.l^a (j-a Ala^^a JS1 4 Li i. n dlL^.^ia]lj 
^bSlI (j^a-all (j>s lAgJ AlajjaU 4 \5 da (Jlaj JsVI <_5^ c - ^LjVI oAA ^^3 J^2k^a JJC- 

AjJii Ail£a) 4JU ^3 A^alij 4 j 3> dULa J J) jjA a jSbll jib lUISJL A^ .jJL 

aAa^ ^ba]l j jAj-auJI 0-aljjj 

AjjJaljjsVI Aaaxi^jJI Ail 


Sample Programming Language 

dl jl-»A (j-a a jLiA (JS1 4jlLal g 1 iaC- j (jjAj AlalS V dLaak^jlallj 4 >^il A 4 ixilc. a^La aIAc-I (jj 

AjxLiII a^Lall aAA IgJ (_)^a^)3«jj C_ ull mV I ^jAa ji i S jjoi ajLiSi dVL^. j 4-aa.jlll 4_iLaC. 

Ada _ll J Pascal 31 J C^ - "^ 31 J c 31 Ail JiLa A3 j^3«-all J 4dlall 4 •vo^all i" il i» 1 (jxs AJiLal ^lAidoL 
A^a^ill dlil Aa.Lj (_)-alill ^.jlall 4 iqiS (_pa^)*J AjsIS jj t- (jj^j AiiLa^l oAA j£l j 

(JaJl (jji lAgJ 4 14 SI' 4 -n jijjII a» 11 4 uni lb Ajjat >^ili jjs jj£j jxiVI LUAj ^Liflll jl Lajj .1 g )\ at nml j 
aAA 4^Ai!Luiall AjAbIjjS^M Ailll jli LajjjC- j adli ^Jjdjjl AjjAaljiisI 4 ~N .ajj Ail ^lAadoil jA (JjAjII 

AjaLiII a^Lall adlj j-a ajji^/l Ajl^Lill dlA^.jll ^^3 aAijjjiJ i Sjjoi j 4 iajjaij 4 >.ajJ Ail ^A AjaUI a^Lall 

.Igdajc. aJJ ■ » (^jjll ^alAlLall (Jjflajl 

jjsI jVI (j-« Ac- jJi’Sxa jjs JaS3 jj^jj 4jjSl UaJjjiJ (jj3j AjjAaljjS^H Ailll aAgj L-JjlSoll ^c-aljjjll JSjA j 
PaSCal 31 AiL 4 >^il All Ajj~s ill ^Jj^all 4 g )\ tliio AjjaA ^ 1.^1 ^lAidiL 4_lajALall 4 L^il qll ^»g jjj 

(Declarations ) ^Mo=3 ^ jl (Procedures ) V 3it_UI LiL 

^jill Aib Jj LsAia Igijjii ^jj Vj (Integer Variables ) aaI jjib dl jjii3l 

jf jjs I LaA JaS3 (jbSjxs Ailll oAgj A^.jJj Basic 31 Ail dAa. j LaS ajAuLixs Igj 4 >^-al ill 
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Compiler for msc of cs 


Ail-llC- jaC. / lIlC-J — 4 uAalj^}ll ‘UjjjXa 4 uiS — Ajt-aCi. 


A a!£j jf ^)-ai ^g'i'ijj ^aljl oAc 1 iajJajl Ajl (jfLaJ 1 j ^jl^jfLJI TGpGSt _>«l J ( _ s -L» j )Liill 

f.Uac.]j ci^laA-all JLilailj write j read jjlj-a'il Lcajl AdaljjaVI Ailll (_£a1 j end 

( _ 5 ic. aj j.-o'q.a j oJj,W.a ^^§3 Ail] I oAA <_ 5 ^ A n>iLj]' dll^jlaHli Ajjoiilljj ^1 jj]I (^ c> dlLa^a-ail 
^lAalLaiL (J j j > .oLij (jjjiiaj (jjj AjjULa (j^a (jjfLii A iqLii.a\l dll^n*j]l j A iqlai.aH jl A ~s i*\ >.o\' Clll^m'il' 
(jjl _j 3 ^l j A ~s i~s >^i\l Clll^lilLall J dill jail (_J-ajau 3 A ~s i*s >.o\' dll^lAxAll Lai Jails ' = ' j '<' AjjlLall dilLaC. 
CjULIxSII Ai LdL Ailll dlli jli I jdlj '/' j '*' j '-' j '+' a+AJJ) a*jjV I a^L^JI diLLdlj 

. { } <_>■“' j^' (jjj o jl ^ 0aL jJI Jl (Comments) 


k 1 y ::i-L I C iLj 


^Ljfll] A n.Vl^jlisLn A -y.a^)l]l AjlL c_ljifLa lan.n ^oalj^J _jA j^JLllSI ^-aL^jill j 

;A_i/d»JI dLall diii jjc. JllaS. ^VLtn i_i jjoi 0 -aLjjj]! Iaa j (Factorial) 


{Sample program to compute factorial} 

;read x 
if x > 1 then 
;fact : = 1 
repeat 
; fact : = fact * x 
; x : = x - 1 
; until x = o 
write fact 


end 

(Ajj*\ 'll! £Jj^all) j~\ ill i L-sa_jl oCLmdl Jj^jlall 

A >^il All {Syntax) A-j ill V. dl i Luajl ^Aalid J^jlall ^aI (_jlal ^xliail ^-»'ij > n e-^aJI lAA ^^3 

i sA^JI Aj<J (^Jl l — « Aji] A .aa^lll AilaC. ^^3 I g jlc- Adia-j ^lill j t_j jml all A ~N dllAli 

dj^all £-a Jjsljda ^oaljjJ! lAA AjI (j^a ^Sl'ill (_J>uaU A_a^a^)j]l d )\ i I (_£.la.lj t_j j iSxi (_^l A -ayjjj 

_l^j c_j j'iSoll Aa*^a^)j]l AiL A_ualaJI A jj-n. 'll 

Context-free Grammars <iW' j^' .1.1 


[_$\ S > n ■“ CAjji !]1 ^Jlc. Aj ( _ s -AaLa]l (J^jaII (j-« dll nuioAH i ju*Vn<a ^^3 dl^la Ac - 1 jail oAA 

6 ^ j (Natural Languages) ^-nUI dlilll a&I jS j ^3 l^lAddL ^li ^aII (Chomsky) 

Aju ^^-la Cilia Aa^a^JI i.'~il a» II Ajj~s ill i Luaj ^^3 Ac-ljsll idli ^lAaCid Iaj La (jlc-^jjoi 
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— AjjJaljjll <LujjAa /^jlxl\ Aai£ — AjlaL^. 


(JISjuoVI £,) A y 


Backus Naur Form j_y o-JIj .2.1 


es-daLJI ujali j* ^ lu^uJ ' jUjI J (John Backus ) lkJW uj^ ^ jS 
d ]\ j \ (Jjl jl j-a jJI (Alga 158 ) 58 <J i_jjVl 4*5 Uj*s ill ^uUI ^ . >» 4 3j.ia. JSd ^l.uimlj 
t (Peter Naur) j>i jU Jc. 4_J& d£b.ui]l (_p=*j jU5 (JSJJI 15 a .cjjjoiUJI a^o^j 

(JjAxjJI ,l*_j (J^ -Till 11 a ^Jjual i"n*s (Algal 60) 60 (JjjVl 4iJ i Ua j ^^3 (_]4*UI (JSdJI ^l-UUol 

4 j ‘ (BNF) ^ jUaUl 4_J& (jlLj US jl i (Backus Naur Form j>i lh _£4 l£U <U jj*^> 

.LUi 3 aj dj^la Jill 4-1 j “'U 11 A y-a^y d ll » 1 4 lie- 5 ill Uall i Ua j ^^3 4*l,U'Utl 

U^jJI Aj] Igda (jjSli Jill t_uSljil] (Abstraction) *UUl Jaaj jjj (jjjSL JSU 

; Jj US dlli ^jj (Java) liUJl 4*1 ^3 (J<-»J>.oVlH ^)-al l Uj] JUJI (J*3 


< assign > <var> = < expression > 


4ii^)*j j^all j~s ill L_uS jill 3 ^) 2 »UI ^joiVI ^A ( ) ^g-uJI j-a ^joil^fl 4 UUII (Jc. 3j^.j-all j-ajl j 

j 1 ajj*j]l U1 <assign ^ .3 j ^-51 ^joiVIj ■‘0 _jUUII j 4 JUJI oJa ^^3 (j^»j>.oViH ^a j 

0 jUoj (JU) jj-a^)]l (j-® 4c- j.a’N.a j-a (JIU1I IJa ^3 j_jSlli 4jli ( ) mil j-aJ^I 4 UUJI (Jc. jg laJ 

^ ( 4 j u' cs^'j (<var> & <expression>) <_s j^VI u ^>=>UI «.UU^Ij ((=) (j ^u - oVil l 

liUJl 4il J (j-aiusaidll ^)-al (jl _jA (_jjUill i aj^)*j]l A_ua5U.j _ (Jj^alLa i <_5-3 ^Ic- l^-La 51S 

o j'U] Ugiji j (<expression >) C 5 ^j j' cs^^j j^j (<var >) jUU 

(j-aUa-iaiaJI 3^^ ^^-“4 CS - ^"" U_ 9 ^ u' ^lidaJI (jli l SJ^dlJI jj-a ^dal j _jA US j ( = ) U^* j ^* '**•'' 

^)-al i La j (_JdiSj (jUlj (J^»j>^tnMI Jy*^) U^A i^ c ' UJ^! Ajli ^ >>iljj]l jl ‘ ^>'11 ^n*j]l Ulu 

(expression >) LjI jjj*sJI LUiSj (<var>) LjI jUUJI JS c L . .o jj jl (j ^j^-sil l 

La 51SJ (Jj^aaU i Lj*j 

(jjUill i L^Llllj ^daj-aJI i iii^ajlil] la3 j liUJl Ajtl ^3 (_^aJa-a»idll ^>-*5 JUa ^dajj j-a^l j 

(_jjjSIj (_JSd 51 (_JSd ^IdLlullj 


Total = Subtotall + Subtotal 


Non- terminal ) <51^ jjc 1 j^a j l$5& (jikj (Abstraction) j^' *UU^I jli U ^a& j 
Terminal ) 4^ j>®J' Iulj LUi 4 «j I gqj^ jj ^1 ^rUu l$jV dllij (Symbols 

jx» j <1U ^i US (^iUa) 4. U - o jj Jl ^Udi Vj JL 4 -sjjsu jV JJ j>« j J (Symbols 

j^j-aJI j 4 nl g ill 5_j^JI jJJ 43 Jllll j _ liUJl 4jJ ^3 (j-ajj-sUlJI (jjUJI i L^jdJI ^^3 (_j^ajj-aUlJI 

_ J J-i (JJJ J^l-J (_JUdi ^3 (< >) (Jjjl _jiVI jjj 4jtda J Jj ^jl^jJI JjL j-aj] 3^^-aJI ^joiVI jli 4 i'll g ill JJC- 
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liljUC. jaC / alac-J — ‘Wij.ia <1S — jAuil A x 1 . y 


Ic-I jail 3*® Ac. j.a'N.a 3*® 3 JJ jjj (JJ JJ 3^ allalmlj (_g j*s ill i ac-a jlll ^jls Ualc. A 3.ojj 

j_jl 3^U-) j A -N.aj3l Ail ^3 AW .a j3 jl Ajjal A i nsi i ajj*l jl i Uajj ^»jaj elC-la (_]£ j (RuIgs) 

3® J^ A a Vi A. a Ajjal J..o jjc. jm'ill llli j la.1 j Jlgl JJC. 3® J Allii-a d A 9 ij*l ole. dlllA 3 J*A 
)A -N.aj3l i." )\ » \ (_£la.l |p j3 i a 1 > s-t j] lie. <llli ^Jajj ( Jllll 1 Jj*-ill j A -N.aj3' Ail 


< if-stmt > if < logic-expr > then < stmt > 


< if-stmt > if < logic-expr > then < stmt > else < stmt > 


Jill I i—Ljill j ( | ) jUiiVI >j f> 


.llilmlj al^.1 j Ajjal elC- la jJ Ajjal olc-lii 3 ® JiSI ^osl 3-Jj 
;ol^J j Ajjal olc-lii J (jjjkjl mil (jjj3c.lill ^oalj (»Ji 


< if-stmt > if < logic-expr > then < stmt > 
< if < logic-expr > then < stmt > else < stmt | 


A >.3 ill Ajj*\ ill J. — 'll i Uajl i slS, j 31*3 All V) jjj (JjjSIj A 3-i\ mi 3 ® J. Jljj 

L-ljSljlill 3® (list) jl Alutlui Jc. ^Jjlal jll Ajjalll Jj-^all 1 ^j 3 Uj AaliiUI Aa^jjll dlliL 
JJj (Operators Precedence) dj3U*ll Uaii Ujl jl ^ida jl JlfUl ^ J*c. j> l s J®®® l j 

. (Operators Associativity) cilA**!! 1 U 1 I 

(LiSts) J J' ®-Ua j 

3 Slj JUaj L_i*^aj Jll JU3I 3 * Ji*i (Variable Length Lists) 3J=^' Ailikx JJ1I 3 ) 

^ A_ij*vi\l >1 i* II 3 ® lie- <Jc. (_gjUl Jill J Jll 1 Uajl a jS n.a A I ' , n jS ^lilLuil jjj (JJ jSIj 3^®“ 

11*11 al-la-a jjc djljaal/s elC. (Jc- j'i*v j (_£lll djl jj».‘i<all i aj^)*lu (_j-allJI ^)^sVI 3^® A -Nxi^ill i." )\ » 1 

; Jllll 3Ll3lS 03j)3! 3^1-^ w I j ^al l^ij^)*! Jjj 


; int Numl, Num2, Num3 


Aa>^a^a djl jjila Jil J& (N u m 1, N u m2, N u m3 ) j^® ?jk 3jL^1' 

3 £d ^iHLau j dj aII/H 3 -® 3 al jl djljJl3l 3xs lie. i Lj^)*l jxVI (j-iii 3^*®) 3>^ j 

^31 Jllll 3Li31 J US 3 Jail o jjiUll Jl Jll i_UaJ (Recursion ) j' jJ 

\ dj J»l3l 3^s A-ajU i 3a jj 

< var-list > < var > 
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A_ujjAa /^jlxl\ 4 o 1£ — ^joLuli AjlaL^. 


< var > , < var-list > 


^1$^! j* jll j\ jSj ^gk Jadu (Variables list) dil jUUll <ddl jjjUill i_Uajll jjl dip. 

) jj-aj <^k Udjl j$_ kj US ( ) jUu ^gk j$Ju 4jjSl ^jj upiWj (<var-list>) 

jajll (jad t^j9 jg Jaj is.lC.la (jla jljSjll ^AUimJ is.lC.la ^A 4_iUsajll od-lsll oU jjl ^ i» j U jA j ( 

AibJI S^c-lall ^ US (Recursive Rule) <jj' j£i o^c-li ^a ( ) ^.Ul j*pj j jUj J&. ^4j!>UI 

^Igill jajll 4_ili j-jr'la jl Jaa9 .d.1 J jar'll ^Jc. (_g jldl jjl Ul djljliiall 4-ajliS jjl ^j-iajll J 
4-ajl9 4 _iL jailia jj-a jl .la.1 J j.jr'ii jj-a jjjSlii (jl Ujjd jjSai ^ill dlljlilall 4-ajlii ( ; ) 4jUalflll 

(jl jj-a jjjSlii jjl jjSaj djljlillall 4-41113 (jlj 1 Uajll l.^g j3 djljlillall jj-a (jV IjsSa j dlljliiall jj-a 

. j!iSI jl 4 j!)Ij jl jyjjl jl -d.1 j jaiia jj-a e-d dlljlillall jja 

;(jtajjaiV! j UjiUI d-ljall 


4*111 1 (» j 1c. (^jUkii <Laa. (jli cdliill l_sjj*i 1 od jx <Uj j jjUj (Grammar) 4jj»jll -icljall jjl 

4.1c. (Jjilaj (jU -s. jaj jj-a e-d pallia (_]S uU 4jtlllj 4—aUJI 4aj*\ 'ill d-l jail (Jlllaj (J^U. jj-a Udljli ^d 

(Derivation ) (jUidVI UU& UU*JI dIa J&. (jlki dip. (start Symbol ) >» j 

d-ljsll jj-a 4 lap II oU (jlaldl jjl dV 4jli 4 1 )» a 4*11 ^-adj 4lap (jl (jl jj-a ^Slll] 4jli Uslc. 
jjl jjS^J <_ 5 ^l II (jlildl jl Ajjj jjC- (j.iSat \l Uiaji (jS-aJ US 4 jl111j 4— saUJI 4_ijj~s 'll' 

dc. 4-usaU. j lAp 4 j» .^1 4 ilac. ^rn'i I g jS]j 4 jlUI oAgj 4-usaUJI 4_ijj~s 'ill dlljill jj-a 4 1 j» <a 4jJ ^11 ^-aiii 
^^illl (J^pJI £iap. L. 1» >^i\l jp3 4 j» ijJ-ill dlUUI 4JU. ^ US 4jd] 4 jj~\ ill ^C-lja]l o^dj 

(jL U-^UJI Uj^UI Jcl jail ^UdV dlBj UjiLdV' J Ajjjjr AilllS UJI djlilll J) (^dd 

_ jjiiiHI (jjjlA jj-a 


4iij 4_aaUJI 4_ijj~s 'ill Jcl jail 4£. jap-a jj-a jjjSjj (JUall (jlaldVI 4iLaC jidajil j 

jji (jijSd i_JSd ^lUduid I g 9 > ^-»J ^ Id*. 4 4 >ajj 


program> begin <stmt-list> end> 


<stmt-list> <stmt> 
<stmt> ; <stmt-list> | 

<stmt> <var> = <expression> 
var> A | B | C> 

<expression> <var> + <var> 
<var>-<var> | 
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jaC. j Jll-iC-j — A-uJalj^l 4ui£ — ^jjluil 


<var > 


4js^sjJ 1 4jJj (j^aUJI (Start Symbol ) 4 J 3 ]' 3*«J (jJ-3 C_1 jjailaJI A Ayi d )\ x \ ^i.a’N (JlLa j 
4 jIaj 3-®^ 3*3^ I^a ^dkiLou cilia. (<program>) ^Ig-jLUl 3 -®j^ jA 3^-'“®^ Jlla ]1 ^ a -v >>> ^ a]l 

_ 3-®^! I3i 3 *® 3^ ^ V I ■‘LiLaC- lAiij A -s.a^)i]l d il i \ £_LaaJ 


Ujiiia ^oalj^jj 3* dll's 3 a! _jA 3 /al j^\ 3"® .1^1 j ji 3 a 33 ^" 5 " 1 3A ja1 ^ (JlLa] I Ajtl j 

(|^ AjajVloll <L*als]l 3^j 1 g ilj (JaaiSJ 3<al jVI (3® 4-ajtsj A£.j±ia (begin ) ^ aK j l.llJ 4jt_]]! o^-J 

3® u 1 baj kill\ 0 La ^ (Expression ) gr^bjll j . (end ) j^' cs^Au 

^jjLaC- ^2 3 ^- l ^LuU 3^-^ J (”) >J ji (+^ >J ^ -®g QJ 3j J ).3 i1 '® 3® J Jaa3 JlaJ J jjilia 

^jda 3 J (C) (B) j' (A) L®j (_5^ 4jti]l oiA djl^jiiiaj (j-aLiJl ^joiVI j J-Jl ( _ 5 -lc- ^3^lj 3‘®>" 

) 4 JaAmJl 4jtl]l oLa 3 *® ^alj^j 3 ^ ^ dl ^ ]9]S 3 V I 


program > => begin < stmt-list > end > 
begin < stmt > ; < stmt-list > end <= 
begin < var > = < expression > ; < stmt-list > end <= 
begin A = < expression > ; < stmt-list > end <= 
begin A = < var > + < var > ; < stmt-list > end <= 
begin A = B + < var > ; < stmt-list > end <= 
begin A = B + C ; < stmt-list > end <= 
begin A = B + C ; < stmt > end <= 
begin A = B + C ; < var > = < expression > end <= 
begin A = B + C;B = < expression > end <= 
begin A = B + C;B = < var > end <= 
begin A = B + C;B = C end <= 
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jaC. j — 4-uJalj^}ll 4uiS — ^jjluil 4jt-al^ 


( = > ) (jlaliVt >JJ (<pmgram>) 4jlUIj (j^aliJl jlj! jaj qa I.1jj JiLi^l <ji -laBswJjj 
.i^l (JIaiLui! Jj jIin (JS J j JilauVI 4 Jc. J JJj J]l 4 jJJI Jl 4_JJ qa (Jliii^U ^^klLou 

Jj~vi\l .ic.1 J]l 4 ~s >>ijj LaSi 4 j 4j^aliJI Cl)lij j >xj]l 4_Ji j]l Jjlc. <_£ J^J Jill J-Ji^/UI jjxjt 

4_jjj]l Jjou (__g >.o3l ^3 (_£i]l JiJj^UI > J' (JiAlimI a jJ~s (_]£ ^3 Jj (JI^JiM ^i.a’N j 4il] 

(Left-Most Derivation) JJ' <^-^1 c> ^g^y U jA j <j 3LS3I sJaiJI JI Jliii’M] 

Jc. JalSJlj jlaj j JjJj JJC- jj-aj J Jc- (_S V 4_jj JI (Jja^ajll Jaw j (jjlilijiVI j,.aluu 

dllaJ 4jLak ^J ^oalj^J ji 4 \.ajl jg iaJj J a’' ^ V I gTn lA,Vi»3 JLa33 Jj Jill jjxJI QA 4£.ja-\a 

.4*111 e«l£j 4_a^Lkll Jj-s ill .ic.1 Jll qa U J jJ jl Jsl ii >iil Jill (4_a^^)ill 


j^ajl JI-JuL J (Right-Most Derivation ) u^J' <^-aa' c> ^ u' iJyj 

J Jll 4*111 Jc. Jil^VI yjjjJ Jjy u' uj^ y-ylj j' jUI J] dyj' u-« 4 jjJj^UI 
Jjl J£l _jA jlunll >.o3l ^ja jlilSVI clJ J 4*111 b.A£J 4 >^il -yll 4 jj*\ ill .ic.1 Jll ^ja IJlilait 

_Lalj-iiLu)l Jilaal 

; 4 -y.a^J i." )\ a» \ (j-a 3-iuu.i a J*J 4 >.ol 4 II 4 jj*s ill .ic.1 Jll ^J.1 JViLa JL Laj3j 


< assign > < var > = < exp > 
var > A | B | C > 

< exp > < var > + < exp > 

< var > * < exp > | 

< exp > | 

< var > | 


^g >;-)l_lj jjjjt j (Jc- 4Axs (jji' y-ljJJI (_g j)i~s 1 (_5-^l (J^>J>^tnMI ^)-al i Lusaka ^»Jj ^C-l J^l a^A j 

:JU» ^j^»j>^tnMI ^ai (JliLall (Jj±m jjc- J (Jjl J^l j yj^)>^-i\l j ^ajl 4 lLaC. 


(A= B * (A+C 


,_jl mill ^g >^1^1 (j-a J q'i tii^ I ^jjja (jc. 4-jjl mil ^c.1 J]l a J J (j^-y 


< assign > => < var > = < exp > 


< A = < exp <= 
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Compiler for msc of cs 


<LujjAa /^jlxl\ 4o 1£ — (jaluil AjlaL^. 


< A = < var > * < exp <= 
< A = B * < exp <= 
( < A = B * ( < exp <= 
(<A = B*(<var> + < exp <= 
(<A = B*(A + < exp <= 
( < A = B * ( A + < var <= 
(A=B*(A+C<= 
(Using the Parse Tree) ® j^ 1 

(_]Sjoi ^^9 d )\ * 111 (j-a 4jJ jj I jj-a-^l ill i 4 ill ^c.1 jill . ■o'v 

Jldll jli JUJI <_4^ <^3 (Parse Tree) L-jl^jC-VI 4J2 ojj ^g.Ak.i u La cdlj j 

OJ’N d j JjjLaJI (JliLall ^^9 4jjli!Luil (_)<"» U.Q Vi " jjt 11 

\<M\ cJ 

jjx^l di.lj ^jj (Internal Nodes) ja*il qa sl ac. <_]£ (j! 

(Leaf Nodes) 44 jj^' LLJI 44^ U> J (External Nodes) '-*4? 4 p4^' 

.4 Ll g ill U^ 1 *- 5 44-3 

: (Ambiguity) 4 j^' ^'j^' lP 3 

^ja o-l^J j o j’N d 4^^ a-LLjj (j^a (_jS-aj dllil]l (j-a 4jtJ 4 ^C-l _j£]l dul£ lil 

lilB £cjdb Jj] J (Ambiguous ) VJaalc. JlE-l j9 jSjI oLa (jli 4_ilil oLa qa AjlLuLl <_4aJI 

JjjLaJI (JLLa]l ^^9 (j<-ij>.-iVi\t ^Aj 4 >^il -y\l 4_ij~v ill (jaiaj jijij (JLLalli 

|4jlc. 4 4nin\l dlLLjA«Ji]l J ,A*_j j 

< assign > < var > = < exp > 
Var > A | B | C > 
< exp > < exp > + < exp > 
< exp > * < exp > | 
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Compiler for msc of cs 


<LujjAa /^jlxl\ 4 o 1£ — (jaLuil AjlaL^. 


( < exp > ) | 


< var > 


4 l.a'vH jL/ cdl-3 j 4 . >i .al c 3cl j3 jj'nM jd.^/1 1 g K 3~i g3 j-aj 


Lklill j/slj 4 >.nl -vll 4 'll 3c- 1 jilll o3g3 

■0311 


A = B + C * A 


IgJ c_]l jcl gjj'N 3ii f-Loul jl jS^aj 4 q j\ mil 4_ij*\ ill 3cl j£ll j/s l$3lilil jfLaj g!ill 4 I.b'nH gAj 
gA lg_La 4 l.a'N 11 o3& 3j]jj jl jlildl ^>3 gill 4-ij*s ill 3clj£ll jl g i» j La-a gJLill (J^ dl g3 jj*\ . -o j^alLL 

.4 . >i j c- 4_iji»j 3c I j3 

jjjfi J< d .lain-i <j3ll j'i.al] 4 na illj 4 K >a<a j.m i dlilll j/s 4 jl 1 4-ij*v ill 3cljiiil jl aj-aC j 

^>Sn dlilll J) <illl 0 3A j* 4^jlll g3 4jJlL d^UJI Ajjlill 3cljflll CJVV3 jd^ glc 

Uaa. jl jj JSj daUJI t_ll jcVI oj’N 3u aAdimJ 4jJ jL (j .->1 4 '1 jjall jl lisjc La lil 4_uaLk j 
wSlliA dil£ I 3 J 3 ^ jiVl <ill! g3 <LaJl ji 4^£ ,JS1I a3gj UilLall 4^a jlll 3^ j3 g3 4jJ11 0 3A j* 4lLLa 
^llaluiJ V 4 jlUI o3gj j-aliJI ^a.j!Lall jli 4 jlUI gi 4_iiSljj jl 4 l.a-N (jV S-AsJ j c_ll jcl Oj^d j-a j!i£l 
■d » ■' gill 4 KLt-all gA j 4_ii£jlll jl 4 l-a-vll o3gJ o3j^ j 4_LlLa daaajj 3j3aj 4 jjlda] ^»3*J daa. jilll ^Llill 

.0311 s-lj^.'il gi jJj^q'illj l^ldilia 

: (Operators Precedence) dLd*JI iiii dLjljl 

^j3aj dlilll j/a 4il 4 qI'i'V XI \| 1 L-aj 3jc ^llajjau 4_jj~\ ~i\l 3c! jill (jli Hjl m Lij£3 LaS 

3j3aj 3jc ^Jaj La J& J 4_LLLaj| o j'N 3~i\ CI 1 W 3 II jl dllaaLjaj'^ I ^_yaju 

(jV . -oLl j 4-ajaa3 j L-J^yJaj ^^laj ^j^a 4q\'i'N.a\l 4 jjl dll lLajt ^ 3 lili dLl_jl jl 

(_jc 3 ig'nll ^^3 4j^l (jj£j iS jL. axi ^g3 Cjl^jcVl o j'N 3u ^g3 ^)^Jaj ^gLll 4 jjl m~s\l 4 ilxiat \1 

^-a-N.11 4_iLaC (jl 3aJ (jjikjLuill t-jl^jcVI ^gj^^d ^gis ^g-lc-l (_5 jLm-a ^gi )-Vi ^^Lll 4jjLoiaJl dlaLa*-lt 
^gi Laiu (j-aJ^i C- LlaJl ^gi laj (_glll t-jljcVl ^gi CJjdall 4_iLaC (jfd dliaj , j 9 till ^gi 4 jj 1 ji 

4_iLaC (jc , jqVill ^gi 4jjlji lg-1 CJjdall 4_iLaC jjSj JjouV' t— liLaJl ^gi J^-laJ ^gllll t-jljC^l 
4aLaC (_g j)iui<a j)-a ^gj^l (_g ^gS ^giaJl t_jl^)c'^l QJ'N 3u ^gS j^Jaj 4_iLaC jV cd]3 j ^aaJl 

4_lLaC (_g jLuia (jxs (^jj^l (_gj)ll,t,a<a ^gS t_J^)dall 4_lLaC ^Jaj (_J^)jaull t_jl^)cVI OJ'N u) (gS Laill t_J^)da]l 
( gjc (jjj^a. -Till (jxi 4 Vi Vim-all dLa^L«-a]l g3 (_pajl*jll j (_)3a ^aill (_^3xs ^3 ^llajjaii 13A jj-a j ^aaJl 
.4daalc 4j^2aj 3cl j3 jj-a (jllda 4jSlj 3ra.l j ^ ^> 1 . .o ~s '1 ^J-aV (_^j~s ill (J^jg 11 jl . 1 La^jl jj-a ^C^)]l 

3 iLVill g3 4j_jl (J-^ 4_ul_uiaJI dl 11 £ 4 -aa. g Li » '1 jl jS-aJ 4jl1 4-1j~n ill 3c! jill j 

iaLl j )]l jjjjdll 4 j , ,i-v 11 4_iLa»JI 3 jjj t_±ij jll 3 iq'iMl g3 I~»93 4j^l J^l 


dlaLasJl 3oiii 




CS ^ 3 


gdaLl^l jjjxllll l 43J^)l3 L- Uri~s cdl3 j jjolll gJI jl mill jxs jl jl mill gll jjolll jxs t_±lj jilllj 

4_ij] J^l 3j3ad ^ajLi jl gdaLljll jiiajlL j-aldll (JSj^JI 1 S-Jj*3 3jc 4_ij~s ill 3cl jill Ldjl j^-aJ J 

jj jja j c Lll3j gdaLijll jiaClll (_J^-l3 lA3 jjj c_iijjj jc j Id'll! (jdij 4 nl 4 ilxic i_]^ 4 >^il •sll 
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Compiler for msc of cs 


jiiljuc. jac. / -Sl-iC-J — 4uiS — A x x,\. y 


(JliLall ^^3 ^j-ialujai La j ^gl'i-v-a 3 j q Vi ji IgJ AjjLuia. 4_iLaC. (_]£ i i qfi'V.a ^jail »1 JaC-j 

< assign > < var > = < exp > 
var > A | B | C > 

< exp > < exp > + < term > 

< term > | 

< term > < term > * < factor > 

< factor > | 

( < factor > ( < exp > 
< var > | 

A = B + C * A -C5^-^ (j-aJj-saiall JjliLjVlj 

1 g aaJ n.oVi'1 ^ya\ i 4 >^il -yll <jj~\ iil ls9 j LaS 

< assign > => < var > = < exp > 

< A = < exp <= 

< A = < exp > + < term <= 

< A = < term > + < term <= 

< A= < factor > + < term <= 

< A = < var > + < term <= 

< A = B + < term <= 
< A = B + < term > * < factor <= 

< A = B + < factor > * < factor <= 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 u 1£ — (jaLull AjlaL^. 


< A = B+ < var > * < factor <= 
<A=B+C*< factor <= 
< A = B + C * < var <= 
A=B+C*A<= 

LaS ,jjLuJl (_).-» n-oVill AjjlLajI ed^ _j]l t—ll^C-Vl aj> >'lt j 


(jjjLaill (JllLall ^g3 (jjiall (j-^n-oVlH ^JxLl (J^*' '**■'' (jl 9*i t'ltV 1 (jjj C_ljUili]l jl (JjLalill (_£d £z > X] J 
(jV ^<9 •sti 4 )I<C. (jC- 4 )I<C. .3 19 Vi 4_l^l jl ^jg Jjj LaSi (JllLall (jjaiil <LlLa]l L-ll^C-Vl Sj^JJ (jjj j 

ddal 4 ~s jlii£ J £-aaJI 4_iiaC. (jc- Sj^ji ^3 (_£ jlLai/s ^3 jg Jjj 4 jLaC. 

1 g K >Ti ^3 (j<-»j>.oVill ^xsl i q \ , — . jjj 4 >^il -n" 4-ij~s ill 3 c-Ij£]1 ^3 4 jjl , ,i-v '1 dl il<a» II dull dLl^j] jl 

.jjiVi 


t_jl jC.1 ijajla Ig LUli 4da-alc JJC- 4-ij^J 3c- 1 j3 qa 4_dli (jlilil 4 lUc. (JS (jli SjjiJ ■‘Ciaa.^LaSj 
jlalLlliV l dl lLaC- (j-a l33c- jAsli u' e.1^1 j t_jl^)C.l Sjaji (jV ^•j'v . .o jjc. li (_jf\lj ed ^ j 

L. n«~s 4jj£jli]l jl 4_LaaJI (jliluiV 43lida j^la od cdlj j 4d£ jill jl 4jLa^JI (jjiiil 4ql'i~N.all 

<jli ^Jj. lajlil j ^>i.l (. - 1 JJ JJ (jLl jl jj.alll >.o3l j>s ^1 jl mill ^gj-saSl j-a (jl ’ V ' 4_iLaC C—1JJJJ 

(_gj^aSl jja (jlilil ojall oi& ^^3 4jfLJ j jjLaiJI (JliLall ^3 ^gJas-all (J«^j>.ts‘iII jjsI jdj] ^gJllill (J 3 I ill d' V l 

* 4 q jl mil ojall ^^3 LaS jLaiJI ^ >.o3l j^a jjjl j jj<allt 


< assign > => < var > = < exp > 


< var > = < exp > + < term > <= 
< var > = < exp > + < term > * < factor > <= 
< var > = < exp > + < term > * < var > <= 
var > = < exp > + < term > * A > <= 
var > = < exp > + < factor > * A > <= 
var > = < exp > + < var > * A > <= 
var > = < exp > + C * A > <= 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4al£ — ^joLuli AjlaL^. 


var > = < term > + C * A > <= 
var > = < factor > + C * A > <= 
var > = < var > + C * A > <= 
var > = B + C*A><= 
A=B+C*A<= 


_A Ijl mil c_ll jC-^l Sj^JJ (jaai <Llil jjdVl (jl il >Ti V 1 lift jli cdli £-a jSlj 

(Associativity of Operators) cjUL^JI idll 

j-a tdajl j.m j ajlui dl dl j-ldill ^3 dll il<a» llj (j^aldll jLdlVl 1 daj ^gic. djjdll ^C-l jail o j-}3 jl 

dc. c_il jC-Vl aj’N >7i ( _ s ic. jj dll '!■»» H jLdil i da j A . .o jV cdli j ^C-l jail o-i^J dal^ll (j*ajL«ad!l 

4jlaJl oiA dajlll 4-JjljVl (jaiaj ^^lill ojjl dLall dll il.a» ll j/a ,3.1c. ^gic. (_g j'i~s j j_m'i jAd 
(J«tu.tVi 11 j^al j ojjl Vi .all dll il<a» ll oiA dajj (. - 1 ii jli 3,3aJi l^al jial £-a A ilxic. (_JS -iLdj djjla jli 

jilli ^dajj ^glllill 

A= B+C+A 


aj j >7i jli dll il<a» ll .3 19 Vi djljl ^jdajj ill jjd^l l l£ dl (j-a^adllll jxs^/ dj*s 'ill 3c. 1 jail ta3j3 

LaS j j£l (jjLaill (JllLall ^3 j.^» n.oVill j^al (JlLaj ^^gdJl c_ll jC-Vl 


^^3 (_£ jdi/a ^g3 jg-lali t _giill 4 il.a» ll jl o3c.lal ta3 jj 43jl mil c_ll jC-Vl aj j >7i j/a ^dalll 

(Jllall <jli illil ^gic-l L $ jdia j^Jali (_glill A jl,a» ll j c. j 9 Till ^gi djl jl IgJ jj£j c_il jC-^l ajidi 

daUll t_jjjjj (jl (_^ I ^gdaall ^aaJl dl,ac. (Jj 3 ^gdabjll jjiat'ill ^ (j jjonll dl,aC Juali ^jj jjLoall 

jA j (_g >>iljjll jjjjdll i_Jdl-l OjjLdLa t." ll il<aC 0.3c. ^ JJJ dc. jjoill ^gJI jl mill jxs jj^j 

j-a jLdij ■die. jilaj La jA j A omqll jl t_jjdall jl ^ jlall jl dll 1 A jjdllj die i SjLdall 

dLajtl dadlLj t_j jjaiLsJl ^a ^^kluLall jAj (Left Associative) l sj^-^. ^Ldij jl jLoull d^Li 
u!^ (Right Associative) ^Idij jl ^ jLaj jldij jl£ «.l_^ jldiVI jl i_ajj*^ll jx» dli 

L^ldjl <ljLda dlLaC- ddaLl jll ddill jxs dlLaC- jV adli j a <jl'i~v'i j] dlLaC- A ~s iVi 

J^i ^ j* j (Associative Operator) 


( A + B) + C = A + ( B + C ) 
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Compiler for msc of cs 


jaC. j JlljlC-) — A-uJalj^)il ‘L^uj.Xa LliS — ^jjluil 4 jt-ad 


dl il.aC La^jV A xmiqll j ^^)la]l ^glnLajt l AjjouILi i ‘ll'i'V j ^jxVl j)£Jj L-J js^ill A il.a» \ A Jjdlll e-^gjoill (j^sjj 

.LpLdl <U.}LCLa JJC 

oLctall ^ ^l^l 3 ° 3 1 4 . A 'll Lcljall Lldi^l £"3 (jc. jo»Ml ^jjj 

dl^jlUl 3 , «jl 1 _j$-la lili i—kjjjtiill jg Til ~s ( _ s i £ ' (_5->3-jHll > J' (_>d 3 -i 2 laj 3 III j <jj~s ill 

o-icliill JlLa (_JjLaiJ A il-an \i Lldl j_jl l^g£ 4-jj~s ill o.}c.Ui]l jj>s (j-aJ^l c_ijLaJl AjlAl ^gi j^jSIaII 

: U\^\ 'a^j * jJi 


< exp> < exp > + < term > 


< term > 


^Lillij Social! (j-aj^l <■ - liLall A_jlda ^gi < eXp > JJ^I-all (g-ilg-ilUl 3«jl 1 3^9 C5^' J 

4jl^j ^g3 J^jSlLall ^l^jlUl 3® J >1 1 13 j)Sl J (_53 ja 4 ^Ldi] 4jl ^gic A il,a& Lid] 1 

;dilLill ill oLclslI Jla ^ llaj A il-an \l Lldil jjl ^gj*.: l-l^a 4-ij~s ill oLc-llll jj-a (j-aJ^l C—liLaJI 

< factor> " < exp > ** < factor > 

I <exp> 


u 1 l 3 j* (Exponentiation ) u^ 1 & j 3A**-? o 3 ^ 1 •^V 1 3 1 cs^ 1 j 

^aaJl dl llaC <11^. ^^3 LaSi (jj£j«JI (jj3 j 3 mill ^gJ) (jj-aill (j-« Ia - lliili ^jj ojjLaJLall (Jj 3H dLilaC 

j^)S!Lall t 3 1 -^^ 11 > 3 1 I 11 id Aail mil A-ij~\ 'ill oLclsll jj-a ^jJsuj Lllj j A .am^ll J C_1J>>>11 J ^^)lall j 

.SjftlSll u-«jV' cdlaJ l <jlgj ^ <factor> 

lh _j^3 _ K ‘‘*' .3.1 


(Extended Backus 0 Naur Form ( EBNF 

(JJ ^jSiLl 3< d ^g-ajoiJ La ^Jil 4jl9 4 _j3 (_>** 3^3 3^ L '~' d Lali j^^ 1 dlsLd3 1 ) L- LLoiJ 

^gic. 33 1 (3 dlildVl oLa (j3 3s j-ac. j (EBNF ) '3 <jlc- (^LiaJ La ^Aj £jj^all jl J^jt-all 

laaa djlS dlilda^/l oLa J ^^l 1 -^ 1 < 1 3 ^ 1 C 5 ^ 31 d^)33 3 II 1 J 3^ ‘“l ^ iL^s 3 1 0 jal 1 

(j^ajj _ 3 jl » fusil J 3j<sl^)3 ■‘Lilac. 3^-di LlllS j LjJlaJI 3^ *3 1 4-ij~s 'ill Lc-I j3l 4jLi£ A ilxsc 3)^ dil 

;doiLail d3Ldl <iilLi ^IdCLaiVl AjuLIH d3LdVI juaa. 

Ai> is^ill ^^3 ^3 fi'vl <s3? k 3-LklAi La (jl <^l c " ^1V33 ( [ ] ) U^ 1 J 3 ^ 1 ' ' <ildal 3jl “ 

\ ( _gll LaS 4_lj~s 'ill oLclall (j_J^j i _gla j )jaill f j ^al l lHaS l g L^s j ^lu ^^l 1 3 31 
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Compiler for msc of cs 


^ac- / jl-lc-j — A_ujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


[<if-Stmt> if < logicBexpr > then < stmt > [ else < stmt > 

31 i_JSjoi ^b j jjlS La ^a j ^ jLiikl £. 3 ?, f i ^>3 Cy f.3?>3 L) ^ J Laj- J Aibl mil o^C-lill 

^3 A >>i j 313 e3^l j AjjiL e3c-ls C1 lui3j Aj^aL e3c-ls (j-a i _ s ^ Lilt i a ■ j ^J! ^-jauLmV 1 BNF 

.JjjL 3! JllLall 


A_jj*s'i\! 3 c! ^^J! f. 111 (j-a Vaj j!^)5u]! j j. >i j3 ( { } ) (j3 _J^Vl ^'3's‘unl ^^A A iiLill AiLjaVI - 

3 c ,| ^3 o3c- ^ijlaJLail A -n. 1 -v U ^jj3 o3^.l j A_)_jaj e3c-ls ^gB ^3! ^jii]l i a ■ ■-> j Lilt j A_)j!j£3! 

3jjauil o3C-li]l i3]3 jjiSj Ajli ( < var-list > ) Lj!jjilai! A-ajli a q..o j] tLlaS Lliij ^133 Ajjaj 

: a313i 


{ <var 13 list > < var> { , < var > 

1 g nj Cl)!^lill3! (j-a 33c- (_£ 1 A at jj. j 33 j 3aJ j (_j& ojljc. Cl)!^lill3! A-ajlii (j! ^ i» i La ^jA j 

_3iS! j! 33 jljSui! dll^a 33c- (jV Llii j ( , ) A \>^i! q\! 


(jjj CllljLirkV! A£.ja~\a ( *_Ja j alua. 1 g Lj <j-a jLna.!/U (Jj!3j o3c, i-Lajl ClulS <313! AiLis^! 

: 3i3 ^133! A iq iVi a 313! 4-ij~s ill o3c,ta]l j ( | ) jl il'vVI 3^^ ^ g L. 1 3 > -^ i< 3' j ( ) (j3 jsVl 


< term > < term >[* \ / \ %)< factor > 


Ajjaj o3c.li 3ja*. J L - 1 <313 j ^ ®/q j! / j! 


) (Jji3j Aj3j (jjj jLiia.^! <333 jJ 

CjIjLILV! jblk! JS1 


J< ‘‘‘^ ^ 1 L .0 3! Clll j3*il a <^3^ ( J { } J [ ] ) Ajatl^al! L^JlSjoAj (_jjj! jSV! dl^Jj^al /j3 ! _5 

o3A ^!3iajaiV n~sVI 3j& A K Li<a\! (j-aSL j _jy (_y> 3^-a (_g£ dul£ LaS A nl g j dlmLS j 33*-a]l 

^-aia J (jc- 1 ^ 3c- C- \\x\W (jS-aj A K >ri<a\! o3A j 3^.L A >^- 1 ! 'Ll! A_ij~s ill ^3 (jj! _ j3^! 

(jjjj lg Lj 3)-al\\ j 3^J^ lg-ol3^1mV ^Lil^.V! 3j& 'j CllLa!>l& (jjj jjjIjS'il o3A 

_33*-a]l (jJjSL 3^-a A L.^i j ol3lS l^-a!3iJLail 




i3a jj ^3^! J 33st-a]l 3^ al3^LmVI AjuLai]! Aj^Lill CllliL3a!)U AiLaiaVLj 


•% 3 -^3 j I3A ^Ia^LuiVI A.atH.ui JJC - ClllsLjaV! j (j3a^)j«J! 

^3 ~v "inn V J 1996^ Ajl^j £_Lii^a]l Ly 3^ o3^.^a]! A xi'i! q\l 3l3c-lj dlliL-saV! 


_o3^.^a]! A-ajla]l 1! ic. 

Attribute Grammar Aa^LL^kl! 3&1 jail . 


(j-a (j^aj I 3 ! f^gB 1 g 1 C- 3^ J (jLluJl A i\! ~N 3c.!^a3 l3l3!La! A n.Vil >^i-y\l A_ij~s 31 3c,!ji^^ 

1 . - 1 » >^1 1 A i-N <a^)3l C- n^!^)3' (J^»'i! aai ^j^at j (j! A >^>! ~s j 3^3! 3^ ‘3 A -N<a^)3' i." l! a» ! C- n^'3 1 1 L-a j 

I^^C. A >^i! -vl! 3c! ji]l (_)^»3\ >^tL\! iLllj AjlLa! (j-a j . 3^ al3^Lu)lj ! g 9 > ^-»J 
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Compiler for msc of cs 


jiiljUC. jaC. / -lljaj — 4jiS — A x x,\. r. 


jjila Jib dj^aS, daJ (jjjilj ^-ajou V lilaJI <*J ^3 !>lla 3 dblyi] (Type Compatibility) 

lgq>.n j i. - i» >^»'l <j-a (j_9 ^J oLa (JLa o^C-laS _ 4j t~ ll <jl <jja ^c. ^)]l ^^Jc. ^Cajau^all ^j£]Ij <_)*ali 

Jj 3 dl^.;»j.a]l i SJ^)*j 'ijjj.s-i) <__)aali]l Ja^)jai]l i daj <jl .laj t >>iil j jjj J^-*-“ ^bilmb 

^^ja. J (jj_j£lj ^bilmb Ja^jjaJI ILa i daj JiVim-all <jjs 4jls ^c-alj^j <_£ I Jib Ifrabilmt 

dWJl ^C-ljkj ^AxjiJ La] ig a'l Vi <_yajla£»iil <j-a 4jC._y]l oLa <jlj dale. 4jdaJj J.l*-a]l jjj <jjj£Li J£joi 

d iVVjj jLiU a jj& JILu jl£ (jlj IgJaUj jV ^joiVI Lib l$Jc. (Jilajj ( Static Semantics )4j£LJl 

^i]| J 4j£La) dW-i 1 . " U * - » Ll]J 0 -aLjjJI iiijj ^gk a-Aj]l Jj3 lA.ll.laj 4jjl£-al L-Uuil <j£] j ^oaljjJ! 
A n.o'il >^tn\I ill ,1c. I Jill a-Loul ^ Ski LIU jSb JSjoi ^bilmlj 1 g j JjVinn .13 jl L_m-a< 3 j 

4_aja^)JI dll i L A k<n\ ill 4jj*\ ill £jj^*all i da j <j-a <j^aYi ^lia. ^^jJaLall <j Jill (j-® 1 \ n'dtll 4jlgj 

m A j£l m <j-a dadalil LaJ 4ql'ii.a]l 


J.1C. Aildal d <j£l j jLidl A. ill ill ic> l Jill JlLa dlda 4j_jaj .1c. 1 Jj ^gJh A n.oll ..oill 4jj*\ ill ,1c. I Jill j 

^■lidj ^)iVl ill J A j£l mil uVWI i ii-aa^jj (jLtJJ (_^aajL-<ai]l oLa (_yaju l^j]l (j-suL-aaill (j-a 

. <JLi]l a.l^^.^/1 ^^3 ^j^»~ll >^tLII cdil ‘ la jJ ^jj i Sjjoi J 4 1 > ^->1 i J^J ■dsaliJI ^>J3]i t— ll A 191^ ^j, W'll 


A )>^-)ll >^tv\ 1 ^cl^a]l i aj^atj A 19 1.2 


_A j£l mil u^JI i da j ^gi A )>^>'il >^>ill ^C.lji]l ^IdCLuil A 191^ jjJajJ L5-^^ JaJjuaj! JLLall 

(Procedure) g"'’^ (jl lajlLu ^^lll dl*i]l <_5.ia.lj ■=* . ^>1 j ll o^c-tall Jua j <j c. ojIjc- jAj 

a.l^a.Vl ILa 1 ^jIAj ^js o^jAaj ^lu (_5-i]l J <J^)1 ill ^0^1 ^-a <Jjliajj ^jjL ^c-aLi^jj]! Jib 

proc- > 4_^alaJl bsjjj Cf- j^bi] <proc-name > Liya, 

jxj]! <jjj 4i^aJ]j ^joiVI Ia^j daaliJl i_sjjaJI dys <j c. <SL]J] lyjli name >. string 

jxjll ^j 3 jj ^jj <jli <jjaj]l od-UI Jib dljjs o^c. oj£j dc. < proc-name > 

4jt_u-sa]l (j-a If-Jsa (_>J ILa <jl A ]->~s])La]l ^-a 4jj~s 'ill od-Ulj lyjS 6J<a JS ^^3 i atii-a 

LaS (jj^J 4jj^ajdaill AjjaJI od-UI <jli <]laJl oLa ^gi j Ig >n9i AjjaJI 


[syntax rule : < proc-def > procedure < proc-name >[ 1 
< proc-body > 

[end < proc-name >[2 

= = predicate : < proc-name >[1]. string 
proc-name >[2]. string > 


string 4_yjali]l f -iild ^1 ^a j (predicate rule ) <jjU' i-ic-Lail AaJ JjLJI Jllall ^ki 

^ajail J Jaljiai'^ cd]j j A j£l mil dWJl (j-ajL-ai Aa.1 (jJl J ■‘CajS <_jc ^J^J] 

(jVI ^>^aj j .1 Lijiill ^-ilyj dc. ^joiVI ^-a a-l^)a.Vl 1 b^ii ^jIAj Jljc. JjHalii <jl AiV a.l j )a.'^l 

A lilSaj (_^Aa JLLall ILa <j-a ^uJaSi Clua. A i>^>ll >^tnII 4jj~\ 'ill ^cl^J] L/ j~i JiSI j JUa 
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Compiler for msc of cs 


Ailjuc. jac. / elec] — ‘UjjjXa 4uiS — A x x,\. y 


(j<-» n.oVill ^ya I i SJ^)*j (J^-^ (j-« dlli j clAjLllll ^gC-jjll (jjsljlll AjSIIj ^2 4 ii^all >^tn'I Ac-I jiill alA^lml 

: Will 


< assign > < var > = < exp > 
< exp > <var> + < var > 
< var > | 

var > A | B | C > 

i LjaAll j)-a ^Jaj dlJA 4 j£l j . u cjWa (_£ 1 j) a j. A ajj V oJjs^s 4jji>j eAC-lS j)C- ojIjC (jjjLaill i Li^tlllla 

LjjlaJI Ul >>iLlj j)j£j <j' J L»u,'j j.it',q jj^SLi j_jl LaJ (j.-» n.oVl'1 ^)-aV j)-ajVI i'll , n\I j_jl 

^g >>iLljl' ^n*j]l Lai C jl B jl A (jj^L u' b®j 1 ij_J*jl! ^^3 cjl^lilcall J jjilia (j_jSLi (jl Aj l/la ^JjoijVI 

(jjjLaill i (j<- ill >.o'v'l (_) )a« j AiLdaj jjVI Aj^)j j ^i.1 J4*ia ^^Jl i sLdaj jjioa (_]£joi ^glc 3^3 

Integer ) 4 *v i*\ clll^jjiAa (jjfvi (jl Lai jyc^j As.1 jj-a (jj£j (jl (jSuaJ dlll^lij-all jjl 

d?£ c$l (Real Variables ) 4dm*. dil jjida jjj£i jl idia 4 -nj-v^I I ^mll Jail (Variables 

Lj_j5Li jjl (_£jjjjAall jj-a (jjjcl (J^»J>^tnMI (j-«-jVI C_liL*JI ^2 (jljjilba dlljA j)j£j LaAjc j 4 
(_g >>iLljll 'jcjjtjll ^L (jl j_g I k i La _jA J ( ^qjq~s ^g-daLl^ll ^jmMI (j_j£j dilA Ajc j £-_jlll (jmj (j-a 

(jjfLi ^gjdaL^ll ^jJJxjll (jli (_g3J3^ jl ^J~s . .o a- 1 jjoi ^jll (JJ3J (j-a (jl^lillxill (jl£ lij Lai (_£jjoiSi (j_J^J 
^glc. (jill ^jjio/ill jj (jj^J jjl Aj V (JI^*.VI ^ 1 -a* (_g3 j ^glljjll (_ 5 -lc- ^gAlkjA. jl ^j~s .si Lai I .ag L.a Ldaji 
Aj l-la (j^»j>^r^MI ^)-al jjJAJ i^ c " C$^' jjjdLall jl t g^daL^)ll ^mjll (j-« (J^* j •**• ' ' _j^l jLaiJ 

dllLl (j^»j>^r^MI ^)^si (jjScl ^^ill (_>a&j (j-a ^jjoijVI j (j xs -i'^l (j<-»j>.oVi\' ^ai ^gS^jla (j^^J (jl 

43l_daj (jj^la (j C. l^jlj ^jLli-all 4 j£l mil cIiWaII (j C. 4 i>^>'il >^tnH 4-Jjj-\ ill Ac.ljill ^AidLuij <■ Sjjoi 

jjLLa^aLi. 4il >>i<a\l Ac-ljill dllj (J-ajdaui j (jjLaill c_ajj*jll (Semantic Rules) ajIVaII ac. 1 jill (jduu 

_4 i'll g £U1 j^a^llj (jUaJJjJ 


t> J^l >» jIL Jail jj lu^ld (^A j (Actual Type) c^l' c3^ cPj^' 

gdl! J U§da 1>I£1 ^glaill ^ >il' (j$j^l ^ AaAuiJ J ( < exp > ) t 5 -daljjll J^edill J ( < V 3 T > Jj^^Lall 

jjilall (j-a (JSl lAAjAaj j^Iill j (Jllalt lAA ^2 ( real ) ^jV^-N jjj^j jl ( jpt )4 UJ^-1 (j' I-*) 

_c 7 jI j )C-VI a j’N u> ^^3 I xig La 4£.^)S!Lall i sl^laVI (j-« u 1 ^**1 Jjl' jCjjdll jl 

( < exp > ) (j^daLjjl' jj4*l 11 Type) (Expected ^ £- >ilL (jklja <dLill 4a^UJI Ul 
jLuy ^ c 5 a!I jjilal' ^ jjl tlaj Uaja^l fjj (Inherited Attribute ) 

.( real ) cs^ 5 - j' ( int ) u & u' H l$^' j 

^^glll 4_}1 Va 1! Ac- 1 jill 43Ldaj Aju (j<-»j>.oVi\l ^)-alj 4 >^>l -yll 4-jj~\ ill Ac-I^all d-alSlI (j^» ill ^Aaj ^gJL Laj3 j 

)l ^ (jjLaill 4 iSI mil cIiWaII (jc- ^)J*j 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 u 1£ — (jaLull AjlaL^. 


<syntax rule : < assign > < var> = < exp -1 
semantic rule : < exp>. expected-type <var>. actual-type 
[syntax rule : < exp> <var> [2] + <var>[3 -2 
semantic rule : < exp> . actual 0 type <— 
(if ( < var> [2] . actual-type = int 
(and (< var> [3]. actual - type = int 
then int 
else real 

predicate : <exp>. actual-type = = <exp>. expected-type 

<syntax rule : <exp> <var -3 
semantic rule : <exp>. actual-type <var>. actual-type 
predicate: <exp>. actual-type = = < exp>. expected-type 

syntax rule : <var> A I B I C -4 
(semantic rule: <var>. actual-type look-up(<var>. string 


£-4: jAj oaUJI ( (symbol table J' J look-up jJ' u' 

/\ = ) (JiLaj AjjIjjI o j^v jJu j lift oJl j <auiIj 

; AAjl 4 'ill JjabuJI (A + B 


^^3 <La.^ , Vnn<a\l 4iLjaj .A*J (jSJ j 4ibl mil till I j 

(JSjoiII (jic. j A-lj^aLk (_]£j 4 , y\ -v 4 <aiq\l (jc. (J V , Vi j. « V I 4 ijjfLl jLoia]I j 

(Dashed Lines) ^.ikluL 
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Compiler for msc of cs 


■dilljUC. jaC. / 4^uj4-a 4ui£ — A x x,\. y 


4_aadiLa£iiJI 3cljs]l ^3 *L<a3dlui<aII (j<Vil a.o'vll j/a Ajj^aLk 4-aj3 3 j. 1 Vn 4 >.ol 'Ll! dljlrv'l LaaS j 

;lA3jijj c_jjjjj] ta3j <LLai]l 


(4 s^c-lill <>) (var>. actual-type look-up(A> -1 

(1 sjcISII (>) exp>. expected-type <var>.actual-type> -2 
(4 s^ctaJI (>) (var>[2]. actual-type look-up(A> -3 

(4 o^c-lill <>) (var>[3]. actual-type look-up(B> -4 

(2'd&ll]1 <>) exp>. actual-type int or real> -4 

(2o^c-Ull (>) exp>. actual-type = = <exp>.expected-type> -5 

eldil ^gicl ^gJ! j/a a-lljc'il Sjijj (J^.l 3 JJjoU dll jLa~L\l . *ljq Vi (jl dna. 

(_£ jLd aI'Lz*. ^g 3 jjl Lai ajd-LH II \ 4 >.ol -yll A .aiqll (jl j A at LaVi-all ^uJa _j-a]l jLaaa]l 

(_£ jLoull l 3 A dj. 3 i. ^» 3 c. < 1 U ^^3 jjkad V jjl Lalj 4 j £3 jLa]l _jj]l £>a t gdaL^)]l jjjjdll ^ \» 41 £-^j]l 

uli ( int ) jdLa ja b jj*La 1I £-^jj ( real ) C5^^- jdLa j* A jdLJI £- ji jl (_pa jijj 

d^UJI UjSlI iidjj 4 iLJI dl jkiJI <v l^^2».l 3 *J Lafa (jjSjjoi jd .^/1 I g l£-d Cjl^jC.VI 0 jid 

) 4 ibl mil a-ll^jC^M ojda ^gic 4 -idaj-a]l Q * ajl >^tL\I j/a 4 _u^ald 


La/a (_g a>iLlj]l jadali ^glxall £-^4! J £3jLaJI jill jj-a (_]£ jjJJ (_£ jl mill (jLsCi (J^ dl jj-a ^jJalu 
(j >f \* J (jLlI 4 -JV 3 ]! 3 c- 1 ^daj-a]l j (j.a n.oVi\l (_gC.jj]l Jjs! (J^*' '**■!' -la^Lal! (jjLaj ^ i» i 

.(JjLaal! (JLLa]l ^2 (j^»j>^T^iH 4_&Loa]l dVV3ll 


*-La^ I 4-iml-m^/ 1 <al j^.^1 (j-a 1 4jl 1 (_^l ^g3 4j£Loa]l 4-JV3]l 3c- 1 j£]l jj-a jiLdll La ^aC j 
4-ij~si'l 3cl _js]l ^xa (_]>aLij]t ^^3 4 jj» . .o 4j 3] (_>aJ ^^.jLall 4jLiSj ^a3la]l (j^vL till! (jlS I 3 I 3 dLaa>.jLa]! 
dW3ll jj-a (jq^ill l3^j (j-aLkJI <a j^JI ^a-a^aadil 4 jjoiLoiVI lAjl^sl ^l3idoil ^ 1 Lai a at 1 4jl3 A i>^ajl >^tv\I 

4j]V3ll j 4-ij~s ill 3fr! ja]l 1 daj t _ s 3 A i>^ail a^rv'l 3C-I _ji]l al3^4ml dLj» . ^Al jxa (j^Jj 4 jl 1] 4 i^l mil 

4_J'^3]I 3c.! jfl]l j (j^ail 33 c- o 3L j jjl 4 >^il V j \A3 j3xj j Ig /a~N ^ jA 4 i9iq~s 4^a^)j 4jJ (_^V 

^1 dj» . ^1 ^gjl 43lda^/lj l^jf.1^3 j ^^3 4 j» 3C-I ji]l o3A 1^-1 4 '^1 . — . 

O'® jj 1 * ^ j I3A (_]S 3c-lji]l o3A (JlLaj ^^IlJI t-jl^jC-V! a^a . ui (j<-ail a^r^ll a3gj 4_asaldJ! 

a3cLoixa d! j 3L 4jLClmV I ^xa 1 3 ]9»‘i (_Jsl 4 n^ail . ^i~~v 3c-! j3 ^l3idj! ^^gJI <a j’nWI (_Jdiaj ^SkjLa]! 4jLiSj 
d! j3V! a3A (JlLa al3diml jxa 4jSd V e33» <a 4 n.oil . ^i~s 3c- 1 j3 al3diml jc. ^a.jLa]l 4jLiS ( _ s 3 4 >n 

_o3cLuaal! 
^c-a!^)^! 1 a ■ j .3 
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Compiler for msc of cs 


— AajJaLj^lt ^a^ixli 4 _uj_j.Aa /^jlxl\ 4al£ — ^jalull AjlaL^. 


Dynamic ) s j^lJI <^VV^3I 3_l -£3^J d-aUJI 4 it . y»lt 4 .ag .all (Jjj'nVi p jaJI lift ^3 

4.^.xJI ^gjt, j 4 qliy.aH 4 dl3a. j]l j ja\ jVI j ^gja-a JjAaj Igja ^jj ^gj]l j (Semantics 

i da jj 4_uaLaJl jjlall J (JjLoi jll jal jiil cd]j J 4 Ig m 4 .ag -a LgJ 4 jjuiillj 4jjy 'll! £Jkuall i doj j.m j ( _gj]l 

4jjjjla 3a. jj ^/la <5ajy1.all dW-llI i dajl 4 n.t ilL jajLall jjc ^gA J 4ajy 'ill 3c. I jLll j £jjuall 

jV <Sjy1.aH dlVV-illj dlVV^ll j/a ^ jjll l3A 4_iadj 33 j lilld ^ULU Igjlc jjslaj <Jjjd e3al j 

4 jSl mil dlW3]l jjjj lg lu 43jSjil t jJajl j cd]3 <Jj3 jjj] j ^yaLjjjll 3jq Vi 3jc V) o3j3aj V lgJjl3xs 

4^. jj]I ddc pUSI IgJ j]3xs 3 j3oj ^jj j ^LJI «. jaJI ^ l$a jJi ^ ^ill (Static Semantics) 

JaLa dlW3 Jail Kj-v'dll dlVV3ll ^jic jilaJ La LJlc 4jli dale 4 q.^ij j ^eaLjjjl 3jijj ^gS p3j]l (Jj3 j 
.^ oaljjll 3jjjj pljji lA3j3aj <Sjada Igjl dlW3]l ^3 j . y-»Vl j*^ cd]3j <Sjada Igjl 3j3aj jj3 

43jjeal jjylly 1 jjauajaall jl (. . )\ n I o3A (J jl djW3j ^LajA^yU C_lLluil o3c. tSIjA j 

tfllL ^3 (jjijatiun La tJlc j dLiS j-a jjiS.aii ^jia 4_iauajj is3a j jl j/al jfaJ 4_ualaJI 4iiia_j]l 

4 ijiW 'VI f.1 jjoi 4 i» jiJall dll » WL Lj'iSxa 3^"^^ J 4 jlUIj ^olaJI (JJ3]I ^3 (jj3-a]l op.!^ 

^LaiiA^yU L. LLuill Lai _33^-a j JJC- 33 l3A (_J^J 4_imj^ajl jl 

^g3 t jJaji (jj^Liaj dlLaakjdi]l 4jLi£j (jjdlL]l jjl jA ^jVI Lm*J ^ 3 ] I (. - IjjuJl jA j C1 iW3j 

3jL»Jj 4jj» .^1 j lg_j ^j^aLiJI ^ab.jiLa]! 3l3frL (_53]l 4 jiI]I pl^a.1 ^j^a 3^ 4_ualaJI djW3ll 

3j3*JI 3^j!i l3gJ j 4_u«_uia]l dlliUL ^yunjll 1 Luajll p jy 111 31lW3]l o3gJ ( _ 5 -ajai^)]l 1 Lua_j]l 

o3A (JiLa i_Lua j ^3 4 j1c 3LaJC-V' (j£-aj j u jLoil jj3 jj Jl 3_a3gj oLaj^l i3A ^3 dlLauVi (j-a 
_ (jj^-a ^)jya]l Ldul j CllLaa.^jiLall 4jLi£j (Jj-aiLqjl 4 xig <a jjlg di] cd]3 j ^guajui^] (JS 3n 4 djW3]l 


J jVI 43j^)iall f»jLj i."n~s 31lW3 1 Lua_jl 4-imLmi 4 j^Li 3a. jj 4-alc- 4iuajj 

(j& 4 jJ]l 3 jjSI jj ^Loj (Operational Semantics ) ^ 

4jgj3j]l dlW3]l 43jjIaJ oLajuiall j 4 jjljli 43jjla]l Lai >>il jiial t_j jjoiLa. ^Jc- 1 g ixa JjjLi ^jjjla 

dbliV 4ljyj j 3 *j ^ill j ^daLjll (jJaiall ^l3idjL ^ jLi 4ijjia ^3 (Axiomatic Semantics) 
(Denotational Semantics) J' ^jia ^ 5 ^ j ajUjII 4 ijjia]l j jJl 4 js-^a 

j.yTil i» 1 (Jjj~nM 1 13A ^ajj Clua. 4jjuaLjll jj-aj^l al3aJimlj 4 jl 1]I (_ nSl jj ^^jLt-a (JaLaJ 3ai».i <_5^-3 

Recursive ) j^' 3 _LjIILj]I ^ 33 & tjjjla Cf jj* j^' j-a 4c.jyaa-a 4 jlUI 

. J j . ^qil l p^^Lu iaLa JjV' 4ijjia]l j3a jaj p jail I3A ^3 ^JSSL Uljuij (Functions 


4 jU Lnll u'iWI .1.3 


^Llill ^jjjia j c. ^c-aljjj]l i» XI l LuajJ ^LjL]l ^gA tLjl jui Ljjjoii La£ 43Jjlall o3gJ 4-lmLmV ' OjSall 

^gjjf-aJI 3j3aj ^jj Clua. ^gdaljjal jl ^gkjLa. pljjoi t_j jjoiLa. jlg-a. ^gic 0 xaLjjj]l j-«lji ji dlljJaa. 3jfljjj 
jlg^. 4jla. ( _ 5 Jc- dl3aj dll jjiill (JliLa. j-a ^-“sljjjll jyal jl j-a jyjl j-alaJl (J j]3-a]l jl 

ojSli <_gi 4dj jajll ^al jjJI j dl3l3*Jl ^3 t_j juLaJI jlg^. 4jla (JlLajj j j-a^l 13A 3jfljj 3jc i-j jjoilaJl 
4 jV^ 3 43j3t-a 31 ja 11 jyaSfl 3 jLL jysSfl 3jjjj (Jja t_j jjoilaJl jlg^. 4jla. (Jja. dj lili jlg-aJl 

JJ»M1 jl3La ^g3 ^dalu IgjV 4 ~v >>il j j-a^l 4j^3 jj^j cd]3 3ja3 3jLnll ^Lajj 3*J jLg-aJl 4jLa (Jja djj 
o3A ^gi 4 l£jdail jysSj j jyaVl 3jqVi\ 4adij du3a. ^gjll j t_j jjoilaJl jl g .1 4jjLill j J j^l 4llaJl jjj 

jlfraJI dlajualjjs L. n.i~s j-a^/l (J j]3js j JjjLi ^3 i S^ytia.1 d jia. 4 lilSxij ^3 lgj]jg jui j-a ^aC. jlL 43jjia]l 

jlg^. j-a <■ ali-NJ 33 jyaVl (J jld jl jjja-aj 4 jIc 3jili 3jc d3aj jlll JJ*jil (J3. a jLiia.1 jLL ^jJ^I 

jlg^. Jl.yVn,! ^aj Id) 1 g jlc- L. l\»i\l jSxai 4 IS Lixall o3A j jl g •N 11 dlfly-aljaa L dldl l3j ja.1 ^gJI t_j jjuiLa. 
t> lJ jjaiajuaia j t_jjjij (jJjl pi ja.^1 l3A j.n» } dua. ^gdaljlal ja.1 jl g -y .1 aj«y 11 c_i jjoilaJl 
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Compiler for msc of cs 


Aullic. jac. / lllc-j — ‘UjjjXa 4uiS — pAull A x x,\. y 


^Sai lillj ^U >1 jdj lg'i-v>.o ja Jl£l!ilS ji lg,«gq\ dll jJaa. £iii ^ ^^dlLoU dip. jLp'il 

|A_Sapull ^pl j y $\ ja ^l^iduilj ^^jJI Ail ^3 pOT jd (J _^da i a ■ ^ ji jJI (^Ul (Jlldl 

^1 ajJ ^3 For jd ^pbU AJddJI ddWdil 

For (exprl ; expr2 ; expr3 } ( 

exprl ; 

loop: if expr2 = = 0 
goto out 


expr3 ; 

(goto loop 
out : 

Ad* ^3 dl^j PL / 1 Jl a*1 CjTJi e a . ,o j ^A Ajjj^idl O^J d.l^-lml ^Al j JjI (jls LajuC. j 

^2 Js^l j A JajjuJl A -nxi^JI d ll » \ ^)d jl j'-''* 11 Ajlat.'iuiV I dip ^ oil (j^)JI jp dll m ndl 

AiL^Ul oiA j PL / 1 JI Aid AiiSi ji JS j ^pl JS dl ^? i Lusa_j] <J]j JlS dl^j^Ja t _ s JI J (_£ jdidl 

AjJ jl uWJ 1 d<a j jV AjJ die- VI ^jA I ^ Jc- t—lbtJ Lo (jl V) l-^-J _^L ojI AjaLoUj Ipi] jg u> jp ^C. j\\j 

(jalxs ^xs (_]£d ^^Jc. (_pJj tqnxtxa IpiVV-i 1 S JJiw (_£^pl Ail ^pljl ^^ic. ddxl AiL^)Ul o iA ^l^idailj 

i iu-aj ^^3 A ndlj^)]' j^p^)]l J jjlaidl t _ 5 Jc. -iLaiC-VI (jLjpVI (jliiL^)!^! aJI i" il ^ \ L« ^jA j aJc 

.AilidJI jJI piSI jJI diVVj 

oA^I _jll Ai^jxdl jj Ja-pdl ^pjixdl 

A Simple One Pass Compiler 

Ap jdl A_i_pi <xp jdl _ \ 

Backus ) jy (Context 0 Free Grammars ) <ji^J' aJUJI *JjJI jl 

ajj^JI ^c-IjJI dn j ^jic. Ipij^a c-iilpj aIjLJI s^ji! L«pdajc. jlJll (Naur Forum 

2jai dip dllilll oiA A >^il A>\l A-apjJI AjLjC. Ajp jj ^ o^C-LmJ] Ipaljliduil tdajl dllai] 

Syntax 0 ) Ap jJI Ajjdi A-apjJlj ^j-apj l^JI pjLoi'yi jA j A-apjJI AiLaC. AjjSkJI ^C-ljJI 
;a^p jJI l> l_i jLiV' 11 a iKl ja ^dajj JUI j (Directed Translation 
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<LujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


j= 4 d^® J! W) ls^I J^® Jo^ (Lexical Analyzer) ^ ji*J' d^ <» jSj 

^jj dlA^Loll qa (Jjjoill 11 a j l^lxsikjj (_ 5 ^l Ailllj A_a*al_iJl dlA^)Lall (JlLaJ ^iill j^a^)ll J dLalSlI ^ja 

Jj ?jV. lS^I (Syntax 0 Directed Translator ) <?-jd' l$j^' J! 

A-a^jlll (j-® d^^)-® Aj^Hi ^-ad ^13 AS Aiv.jjll (_g j~\ ill ^^jILall j_jl ^ > .o'l i cdlA (j-a j .A liinij a^Loi 

^ (■*> ]gj ■ »<_jH o^)Laill Ajljj Al^.^a j ^^WaII Ai^^/a j [_g j~\ ill (J'\-s.Mt Ala^^a ) Aid-all lfrxj> <a j ^^3 

/ojAulia 4 J-inn^]l Oja-ill Jl ^gln A » .a-s-a SA^I j aI^jx 

A n^iljjll A-aa^ jl ia-lml f.ldi ^ Jj i S jjoi A .a-y jll ^3 A_ajJall oAA ^ j > .o ^lil j 

^Jaj £-aik. (j-a dldLaJtli Aj 3 jJij Jill (Infix form ) d^4H Jiluijll Aid-all lg-l£jd 

Ja ^)il d^®-® (J) ( 8-3 "J" 4 j_s jjdill (JlLa ) A_iLa»JI i si Jal Jsuoij A-a-m3 j a-J^j-d j 

Aju Adalljll dlAa*Jl Aj 3 jJa-> Jill j (Postfix Form ) J^Ul (JSjoJIj (— . Sj*j Adblljl dl j-ldill 

Aj3 ^ Jail jd j JjLoiII (j-dijjl (j-iAJ Ja^)*_l (J^ Aj] I j ^ >>il_l Jl ^nxjll ^3 l^si Jai 

84 4 + ! d^-®“ J dLl La *. II 


dl il.aC- J alsj <Jc. iais (JahTu Jill Aiajjaull dl^iiajll oAA Ail A .ay J ^Ji e-jy II ^-mLmV l t_l±uill j 

uja. (JS j'i aJj^oiII ajIc (Lexical Analysis ) j^' aI^. >« j* 

(j-a AjIa Aa. ^^3 (Token) _j/i» j Ai^.^all oAA AjldAl ^->'i j > ii l^aH 1 (j-® jJ > - oq ' 1 -® 

^»3j qa AlAci (_jc ojIjC- ( _ s dalj^)ll ^n*jll dl jLaC- i sl^)Ial j_ji ^pa^Sj cdlA j Ailll dlA^)La 

dl^udaj (j-® i_Lajaul A Jajjuull Ailll oAA ^Jjoijlu i S _jjoi clA^ J Ja33 A^l j 

(_ 5 ^aj AiLdaVLj (j-a ^jjSlu ^All 3-iinnll ^ >^il-i^)li ^uiill i L-sa^j ^jVI J dl xiK iA11a£j 

; BNF -Ji cJSjAi ^lAidoll cdlA j Ja33 ^^)iallj ^o'vll 


<exp> <exp> + <digit> 
<exp> - <digit> | 

<digit> | 

digit> 0|1|2|3|4|5|6|7|8|9> 

■alAidalj Aiijd Aj^jj (Jill j Aid-all ^^Jajoi ^jll A K d ^ 1 Aal j^)ll ^jij»‘ill i daijj AAjI mil Ajj~\ ill Ac- 1 jill j 

(j-a Jjj-nMI A 19 ( SJ^)*j j_jV I (jSLaJ (jAll j _K l',~ ll ^ ^ jdlj^j ^^11 laJj-ull ^jui.^Lall 

dAaJI J141I Iaa J\ JjVl 

(jjA Ajoiflj ^jA aJ J£jdll jli jjids (jd jl ^»3j ^jC- ojLjc. ^^daLi^jll ^jij»‘ill j_jl£ lij | V jl 
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jiiljUC. jaC. / -lljicj — 4axJalj^}il AjjjXa 4uiS — ^j-jluil 4jt-alj^. 


El Op E2 J< ijoll l_$\ ^ jLaC. 1 xig jjj (j jj > .oljj (j^a (jjflii ^ >>>lj^)]l ^jmMt (jl£, 111 \ Lull 

J1UI Ua e 1 ‘E 2 u' Ld^ E 1 E 2op J^ill j_& j^I ll$J J^UI Jilll jlic 

c> El ‘E2 t> 

diy t £ Jj^/UI (_]£. -'i'll I ^jlj (£) J< juoII (JjjI jSl (_J^.l3 ^ >^->L^)]l ^iiiClll (jlS 111 \ tllll 

^l^klLuil E ^ ) J.i* ^ 1 j^^>UI i}^ l ~:. 1I £ ^jl 


(jjl jfiVl ^I.^Vn J ^gJl ^Liy. j V Jj^l/UI 4 K d ^ dlu^)ll ^lla-lll j_ji jis ajd.Vl 4 LiVill oIa i - llui j 
(_^HI JaS3 jib (_]Sjoi]I 11a ^^3 ^g. >>i1_i^)]l ^jmMl (_}^.l3 4 il.a» II ^ ■ >» ^a dll ilxrn II 3 19 Vi 4_i^]jl 3 j, 1yM 

11a jjxsj La jA j jjjil jisVI Ld'C.'V 4 yl y II ji dLijljlU o3clii Jjjalal (jj3 j dl-Axm II dili l_jjjjj Jd 

_jA 3 + ( 8 - 4)+3 (_g L»“< ^jll dlujll jjjxSU Jj^/UI (J^ dll il!La3 4_u3al_i j )]l dl^-ldil] Jj^l/UI (J^ -'i'll I 

843+- jA 8-(4 + 3) Jja^UI dSdll Lad 84 3+ 


(Attribute Grammar) 4 -i^ddJ l lujdll 3&I j£!l ^l .w d b La. jlll al$j ^bill jrLbb u^'j 

i Lusali ^glll 4ujy 'ill 3c- 1 jHI ^^gJI (jdl >^tv\I (jdx. J LaLdV bill J 4jhl mil a3^._jll <^3 l g y jd JjjLoiII 

Lcjxiy .a (jc- l g La (Jfb 4 . ^«l y H 4 xiiqll ddCi ^d t _ 5 l^l J u Li ^j]| 4 K d jLuuall ^^daL^jll ^jij»‘ill 

l^gL LaS 4 9jl mil <jjy ill 3c- 1 jUL ^JJ 4a]^3ll 3cljill (j-a 

< Syntax rule: < exp > < exp >[1] + < digit -1 
'+' Semantic rule: < exp >.post < exp >[l].post I I < digit >.post I I 

< Syntax rule: < exp > < exp >[1] - < digit -2 
'-' Semantic rule: < exp >.post < exp >[l].post I I <digit>. post I I 

< Syntax rule: < exp > < digit -3 
Semantic rule: < exp >.post < digit >.post 
Syntax rule: <digit> 0 -4 
'Semantic rule: < digit >. post '0 
Syntax rule: <digit> 1 -5 
'Semantic rule: <digit>. post '1 
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— AjjJaljjll A_ujjAa /^jlxl\ 4u1£ — AjlaL^. 


Syntax rule: <digit> 9 -13 
'Semantic rule: <digit>. post '9 


^g-CabJI jjjjCii] Jja!>UI (JSjjoII jC. J 4 >.ol all 4 jail jc. ji*li post A-U-alall ji Joa^b cilia. 

jllxlll 4-.ia.jj 4_iiiSi i L-ajj 4_u-alaJI oAA 4-aj3 AjAab a Jl Jill AjjVAjI Ac-1 J]l ji j 4.alia-a]l ej..ol i» j 

JWaII Ac-1 J]l | | Jajl alAaliml J AS j lAA Jja^lUl Jd jlJl (Jl Ab»-a]l ^ L...JI 4 K Cu j-a ^ .^->b Jl 
JM Aft I jail jl <jaa^La ^ jllxlll J 4laJI (Jab CllbJ^s oAc. 4_ilaC jc. jiixlil] 

. uj-i J Jl yjj j* 9 jjJ' 0 jju-«f 4 s jbU JjaLUl Jbb]l jl ^jaj 13 Jj J) 4 Jj u-® 

cJ=UJI (Annotated Parse-tree) yj' bib J j^V' ® jJ- cJ j’S JbJ' cK-41' j 
(J l Jj—a Jl 4 iq iS IjLa-lS yjiSjtl Jill j pOSt ^ a-alail Ji 4 >^il -yll ^g-oil jail j <a > .oYi (j]l j S“4 3 

>>ibjl jm Ml IaJ J}a^/UI J^ Call 


(j-alb-aaJb 4— ^alall Jill Alaj'lf AAa-a c_lilj AjAab 4 j > j\ >^t\|| 4_jj-\ ill Acljll ^»J j V LajuC j 
Jbbll Jl J j— a Jl AAa/s c_liij AjAal Jj ^1 jLaill Jllall Ja _ AJV -ill IaAc-I J J aAalml Jill 
j-a £.aJI jli tsj blbA y)Js >>ibj' jiixlll j..ol ’ic. j-a j.^i’ic. JfJ ( pOSt ^ a-alall 4-ajS) Jjal/Ul 

4c. Jball ,Vq« \| £iaa (j-aiL-aaj 4 >^il -all Jilt Alail j -a Aj V j£l J 3 j-® J 4 j-® J 8 

4-aiS AjAal jxs Aj^ jjLoll y]£jai]l J 4.i...uj Jl oAAJiil oAgj 4 >^il -all J]| ALajI yjl3 4-im.jlj oASC- jxs 

Ia^A j 8 - 4 JjJ 4_a-alaJI oAA 4 <aiq\ yj-a jJI jSoi Jia 4- ^3 Jl j 8 ^3 Jl j-a y]S] Post ■‘Cu-alaJI 
L_liijj]l lAA AjAaj ^Ac- j-a J. j]l (Jc- j^J J ^ >.n~ij]l jijat j'lj 4 >^il all 4_a-alaJ! 4-ai3 ^gJI J 1 ^ 

^^3 4-aAaCLoia]l yj-ajl—aaJlj 4— alaJI ^Jl ^Lajl 4 j Jjjoi i - \ n jj]l I q n.ixi AAaj jl (J.^iq<a\l j-a 4ila 

(Jab (Traversal) JljJI 4—^1 La jA j 4 j.^ll >^ia\l 4 jjaJI a&I jilb 4 laUI JVaII ac. 1 jilt 

e-Aj qjali 1 (jl (Jab 4l!lla j-a Jliill jSxii t_iujj j-a JJ^I Cajj Cilia ^gdljall dlb t_jljc.VI ojad 
JiiiJ 4_i...A]Ij j£l j ojaCJI I g LajJajl ^laaj JjJ-« J (Root Node ) oja-lJI jAa j-a 

JaC- ^gJI J j--aji] bjjljl »1 JaC- 1 jA dbl JjCaaxJI C - 1 jl jjl jb 4_uala 4 q.^>j t-jljC-VI ojad (Jab 

Jab JijJI Jj diia (Depth-First Traversal) V jl { j^l\ JijJI lJI i_i jLoVl ja j $ jJJI 

4a-Cajj La jA j jaaJl (Jl jLaiJI j-a jjlba JS ill oAac. JS <ilijl oAbj jaJI j-a £.Aj oja All I 

; JUI J£cJI J 4 njl ojaCJb ^lijVI t_jjjJ 

LaS 4y— ajb-aall 4jjaJI AclJJ 4jab-aJI J^aII Ac-IJll Alili t_yjj jjj CJjLoiVI IJ ^3jj 

: J^' (Recursive Procedure) ls j' J^' *' j^V' ji 


(procedure visit (n: node 


begin 


for each child m of n, from left to right do 
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A_ujjAa /^jlxl\ 4al£ — (jaLull AjlaL^. 


(visit (m 

evaluate semantic rules at node n 

end 

A a'N^pIl dll 

£* C&j Atlja (jc. o jbc. Ldl ja (Translation Scheme ) Aapjill kkAa 

oLa ^daj ^ii dip. (Semantic Actions) AJ^j dil jdLi l$J ^dll Ajpa jJI dl^LdJI (jdu Aildl 

jc-ljiill £a dapjlll dl kind Ajldlii dale. Ajdajj Ajj~\ ill jc-ljiill (j-a (j-a-J^I <— ijlp]l ^^3 CllljIaAll 
^3 dWdl jc.l_j£]l dfljj udjj j_jl ^A l ag 111 ^-jauLuil dljA j a-Lid^l (j-a djc- ^^3 ApdiladaJI 
d^pjll o3c.ldl (_Jdlj (^Wdl jdLill L. nil's dlli j ^idal j (J^ dj lAddji ^d dpajlll dUaLd-a 

(- nn-sj Ajjdll 3c- 1 jill <■ . Ll pJl ^ ({ )) £-^ill (j-a (jal jSl (JJJ dljjjlill ojA ^d j ^jj dip. 

Jllallj A ild dl dM dljjjlill (jjj jdLi]l lAA Juiii c_djj jjjd ^jj ojc-ldl (Jdlj jdLi (_)£ (jlfLa 

\ LS l y il jdLi ^jic- (_£ jld Ajjdll 3c- 1 jail dd (jc. ojlp 


[rest> + <term> {print ('+'} <rest> [1> 


A >^->l -All Ajj~\ ill jc.l_j£]l (j-a Ipalddl (j^-aJ Alap JSJ dlp^p-a dljj ^^3 dapjlll lilrva Adlaj aS'i j 
(_£j]l pdjjlL AjIV^ dljjjlj (j-a AjIc. (_£jdj La djj (jc- dllij LiLiAall IjA IgJlLaJ AjlUIj 

4jp dijtS ILI (JLiall ^l»a Aiapll oAgj AaddJl Ujl^jC-VI Sjp (_Jdl j (Jga»ll (_]dll t_i ^jLoil ^j.iSat i 

.AdUl djpjll SJC.151I Jd dMI cJ jcVI 


Apdlall £- ja^H jXja-N (j-® c.lpiiVl d oddj ^jj {print (' + ')} ^^Wdl jdiLill (jli dLdl oLa ^yaa 
dc. Idi ^^lll ojpdll ^ a-dl Jja (jSJ j <term > dc. Idi ^^lll 'ijy dll <j-a 

^JJ Ajli A-apjllI dUalada diw^ t_lljC.J ojpd «.Ldij dt Ajli La j-a£ j <reSt>[l] 

^jlpjLUl jajl! ^a plaids Ll A j <Lpajj ^d ^^aldaj (j-« Ailfr (Jjd (JS (Jii A' 

La jAj jdLill I La ^jic. (_^jld Ajjdll odillll (j-a JjouVI tdlpJl ^ (dLlI 

iLUL l g Ida A-plLa ode. (jj^ d^^W Aj-aLkJI o.Vqat ll j_jl A Ja-y^La ^-a Adi mil 4jd 

_ Adi mil pjl^jc-Vl o^p-d j^a (+) _Pd U-L> AjujI ^ Adlpj L&d (jLlI d«Jl (JlLa 

_lpl (J^ dll jLu«di L»..ijjll l [Q K .Ti ^a A ).>iLjj]l dl^iplli dap^jj AiLaC. ^Jl 3 ^pj ^jVI J 

dij~s'ill ^C-I^jill (jj^ 1 L) . V Ajli A ag all odg-J ^Ldl i _ ? a dapjlll dl Lilrs a alddil (jdaj j 

(Simple Attribute Grammar ) Apddd j&lja aLU«JI oLa dud ^dll ApdddJ l 

(_]£ (j-a ^jjailS/l udlpll ^ ^jpld ( _ s jlpi V 3®d cJ^ Aj_aldJl dapjiSl (j_S^ dllL£ (jj^ 1 C5^ J 

dill (j-a (j-aJ^I udlpll jg Li'i ddlpu/Ul A >^->l All dLapjllI 2-®-^ (j 4 " 23^ ojc-lis 

oLa A i'll g j jj-«j (dl Aaldsl A ill Sal ^-a ojc-ldl ojA ^ lA j JJJ p djj ^jadj dijp ill ojc-ldl 
^jJI f. jplll (j^<S Ajli Addl ojA Ipja ji jli Apddadll je-ljLll ddlS ILli Ippaj ^d ^^dl dLapjllI 
i.'jl LiLiA a ^Jl qj-nIII (_jdaJ 'J Ajli (jdl (j)j Aj_jiladl dapjdl A ilaat ) ^aLd] dapjlll >■" ll LiLiA a 
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.dJil-lUC. jaC. / ‘UjjjXa 4ui^ — 4jt-ad 


jJJjdlL A_a*aldll A n.Vil i.*tL\I 3 c.I_j£ 1 I . 1^.1 (_pal^)».imlj A q>^i'l oiA ^jdajil j illlii ^Liiil] A .a^v Jill 

le-Jail 11 a A-llAi g$ \ g .s-t j£- jjjjul Jill J g i^Ll Jl 

<Syntax rule : <exp> <exp>[l] + <digit 
’+’ || Semantic rule: <exp>.post <exp>[l].post | | <digit>.post 


0 -it tail jjoLjV! t—ljlaJl gk J^iaJ (_gill <eXp> (Jl^lLUl Jajll A-a^.JJ A j\,aC- C_1JJJJ (ji d 

dLa Ja Jaa^l S til >11 gk jg laj Jill ^ il g £Ul jj-aJI dll .a-yjll ^oa.} A i\.aC- ^uli _jA A-jll mil A jj-n. 'll 
Jajl ^itdjl o^c-lall oAgJ A j*\l >.o.all A_}W.l]l olc-lall A ~s . .o J La lift j .IaI jyj t - A yy' yjiklij olc-lalt 
id olC-li gJts AlLJ\ Ajj^ajl x^adll olC-Lall (ji ^dal: dlLa^jlll olA Ajlgj gk ’+' 

\ gll LaS tgJ A A~\y liliA-a lilt I jjfLaJj A JaJjaaj 


{('+') exp> <exp> [1] + <term> { pri nt> 


.aSjLJI Ajj^il! Sic. tall ^jJI jjliLi AiLdal ^2 d 


A-aa^Ji AjLaC. i a ■ jj Jill A n^ill i.o-nII A-ij~\ 'ill 1 C.IJHI ^i.a'N (jl Ja lfllj]l j)S.ai Aaj^lall (jjiillj 

AjLaau ^Liall A-ai.Jill dll liliA-a flldU jjfLaj All k dllil A Jajjqij 4 u — «M . ^-»A ^c .| yj g& g i^-iljJI ^udilt 
dll liliA-a IgJ (j^.^UI (_j£dll ^Jl iLuuall g L».n ^j]l l g K ua Ja A n>>ljJ' dll jaaxlll A 

!c5 L LaS Lil3 A^iUJI Att. .Jill 


(’+') exp> <exp> + <digit> 

{ print> 

{ (’-') exp> <exp> - <digit> 

{ pri nt> 

<exp> <digit> 

{ ('digit> 0 

{ print ('0> 

{ ('digit> 1 

{ print ('1> 

{ ('digit> 9 

{ print ('9> 
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jiiljUC. jaC. / -ll-lC-J — 4uuj.l-<a 4uiS — (jlljl A x x,\. y 


JV-S dljjjLi Jc. (_£ JaJi jll j 8- 4 + 3 ^jdaLiJI j-naLil' jlaj jll Jjc-VI ,j Jj tiljj 

: Ji ^ 


(j-a <1 (_J.jUI j£jui]l Jlaj (j]l j (_g >><LiJI j-LuLllI l^-J 4_uaLiJI 4 .a-s j]l ^Jc. (J (j^.ai 

Cs 9 J JlV-jl dljiiLill .llijj V jl Jj-aa-U jiijl t_j JuiLl 4 jll mil C_]I^)C.VI QJ'N ui (j^. 1 .} (jiillll jjld 

<_MI jlLaJ (_£ill j 84 3 "I" (_*, >^~»Ll Jl ^)A±aj]l <Laftw j]l 4 -y n j jj^Ji] t_j JuiVI I.Ag-1 (_>aLi]l i»_lij jil 

. ^gdaLlJI jm'ill I.J jJjUl 


'I ^-4 


ul 4JL^. (J iJ^jC-VI oj> d <La^j]l dl Lilrs .a ^l-lkliuil 4jl_i. cJ^jC-VI o^^ft-ui 4jjlLaij 


dljjjLill -llili jjLk (j-a J jVI 4JLaJI J J 4-aift.jlll 4 jlxic. jjl Aftj 4-ij.uajl i^r^H 4jjdi]l _}c.| J]| 
AAjS\ <ULiJI J Laiii cdlil d-nall l_jjjjj 1] La9j <LaftJi]l 4 Jc. djjua 4£.l±J j]l j JV-jl 
(j-a c-JliVI dj V] IJ j_jj-aJ (j^-al V j i—ll^jC-VI * J^- ail j-lftj 4q*v\.a 4 .a-N jll 4jLaC- dl ~N jda (jJL 
(Jc-1 (Jl (jiuil (j-a ig a jl JJ j^ d Jj 4q*v\.a\l (j<-»~il i^rvll 4uu9 .iJ-ilj (j/slSllj t_jl^)C.VI Sj^jj e-Luiil 
1_A1J J (jfj j *Laftw jll 4_iLaC. 4 ~s n j jiLali (j]l J * J^- ‘Till jdj 4 i.-il •sll 4 n.ol -jl (Jl (J jjua_jl 

dljjjLill .9 19 Vi i - 1 i'J)' (J-afij ^A 4-aft. j]l dl 4_uaLijl j ^ jVI 4jLiJI t_jl^)C-VI o j'N ua S-Uajl 

o^j^joi f-Loul «.l±il C1 jIjjjU]I oiA iliii (j^«J 4jli 4jliJI oIa ^ t_jljC-VI 4ia-La]l <JV^I 

4-a^.jlll a" i\ J-i}-tvxi 4i)^)l3 jjAi La !i& j (J-alSJIj Cjl^jC-VI oj'N ua f.l_u f-l^liVI _jl L»Vil (jj-i J t_jl^)C.VI 
4-ij~\'i\l ^C-l ji]l JI^Liil (_jS-aj 4ili (_Jj 3 (j-a ad]Ll Lj^jjoil LaS 4 lie'll i^rvll 4-ij~\ ill ^c.lja]l ^jc. 

_4 LiUin ^C-l ^C-l jail adli (jj^j (jl Aj V 4 xi-y^)j]l i.'~il J-iJtvxij 4 n^i'il i^rvll 

Parsing s->' j^V' ■ 

(jjfuj (^gLlI 4 \xi-n II |jj La .li, Wn 4_i^jLkJI 4jLaaJI ^jA (_Jj 3 (j-« ^^Jl Lj^jjoil La Si t-jl^jC-V! (jl 

ILa (_ 5 ^j 4jlUI o^-J 4j^£sLkJI 4jj~s 'ill ^c.lji]l jj>s l^jliiLoil jl IaaJjj (j}5Laj C1 i1jl 1]I ^a.1 Clll^^jLa (j^ia j jj^a 
(j^» I “vll ^ak^)!La]l V 4_iLaaJI oLa ^^9 ^frLaij Cjl^jC-VI '*' J'^ ill (jl ^^Jl oliliVI dlilj (jl Aj V ^Aj> ^»H 

tqnuxi U^l^cl (^Jl 4 -n.1 -n. II (jjJ oj'N i'ii 1 1 oLa (_J^I-^ (_}q V4I alSLa»xj ^jj (j^l j ^Ia9 (_]£. uii l^jLauL 4 jl1]Ij 

■Ijijlij t _ s -n4l 4 jlL (JialS ^oalj^jJ (_pa^)C- ^-»'l j t n Oft CS^^I ^3^1 CS - ® ^ 11 ^~ > ' 1 ) 1 ® La ILa j 

i^j^a Aikl i S _jjoi f.^aJI I La !^g2 Lalu ^_jjLai]l jLoui]l 4-as.jlll dll Li Jr~v a 

_4_^ jl]| 4jjd dLaikjiLall f.Ljj d Igq.i. 1 ^*" 1 (j^S C5^l t_jljC-VI 

Jdl Jl Jcl (j-a t_jl^)C.I (jJJC- jxi-yxi jJI I g 9j 1 i .o'l (j)S-aJ t_jl^)C-VL 4 i.^>l -nII ^_jja]l C- ll&l 

<^j^j . (Button-up Parsing) Jc-' J t> J jp\ (Top-down Parsing) 
f.Laul Jl t_jljC-VI (jja (j-a J jVI <C- jxi-yxill Ja .t_jljC-VI ajjii -^C- f-Laiil 4-lLjJ Jl i. Lldalll 

f-Laiij Jl 4 111 Ml 4g. j xi -Noll Lalii (jl-JJ^I C 5 ^j J 1 ^ jdiij oj’N i'ii 1 1 (j-a <iAi JlLaJI oLa 

_ 'Jt~ ‘~~'tl (J) _J^I Ji^ ^ja i^ill ^9 ^alluill J ‘Till (jljjl (j-a <iAi (jii^a \L ^ll ^ac. 

lillL Lift tc. jdii JSVI (jjall (_J ^)/ia'l (jiuil (Jl (Jc-I (j-« i-jl^jC-VI u!^ ^-«l- c ’ 4 

Cjl^jc-Vl •— UL ^-a j (jiuil (Jl (Jc-I (j-« U *J Jll 1. - 1 n jlLl t_ll^)C.VI ill a-Luiij <1 ill jJI 

(j]l odiLuujl 4 i-Nxi^)jl dl j^VI (j-a jjjll (_>J Jdi !^g£ ^duluill tdlL (j-a J.^)11 j (Jc-I (J) (jiuil (j-a 
^-Ijjl C- lid I ^a jiaLijl (Jc- JlJ-iL] cdlL j 4 <\j!ill i.'~ll J-ilrN-a (j-a IJilLa jl ^uftJLa]! f-LuiiL ^»Jj 

_4allda]l 4^ua^)jl dlaii 4 i^>l -yll 4-aft^j]l dllalaSuaj 4-ij~\ ill dll J]t 
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jiiljUC. jaC. / -il-lC-J — 4uiS — A x x,\. y 


<J*3 C5^' L>« Sr 1 ' J^V' .1.1 


(j-a c_j ^jLaiVI I.l3 A-imLLall 'ill -ic-l 3^' Aai (Jl/la (j-a <aj^)ia]l oA& i S _jjoi Aj'3' ^2 

•j laH . >u 4-alc (parser) s-iljc-j e-iaj .il.ic.lj s3>1' '1* 3j 13 3 Laja ^3 <ji 3 s "" cjIj^V' 

^3 J i L-aa ^ 3^ Ajllilll 4 _ij*n ill SAc-lllli 4-jj~s ~i\l .ic-l 3^' JISjoiI ^i.a’V < 3 C - AiL3 a ^' oAA 

: Language (Pascal ) J13J3' a3 3 cMjlA\ 


<type> <simple> 
<array [ <simple> ] of <type | 

simple> integer> 
char | 

num dotdot num | 


SJ&151I Jajjaajj] t nl g j 13\J ojLiic-l j (_£ I PUITl 3'"3' 3 s -3 U ^ 3^>^La £-a 

ojj^jjAa 1 ' 3*3^ JjAj dotdot es- 1 '^-^' 3*3' ' -3. 1 3-La] I ^2 A ~v ill 

(j^j*-a]l a jJajI jAa. (j-a £.Aj]I (3“^ <3) ^gJC-l (j-« e^^aAu f.Laij'^ j eAal j aAa_j£ La&.i JJJ 

;<313I aj]rv\l (3 jl^-almV' £/a 3-3' 3^-Jf 

lAA jg la j 3^' Aai jLiii.1 3 AjjL^J^UI 3j^^' W ' ■' (j3*’' a '^J> A~t]l <3 ^jJaj-a (_)£ Ajc- 

3j-« 3W Aj3*"' a ^' J IA& (j-a A£.^)S!La]l AS»JI 13 ^JjaLl^l i»_liLa3 ( _3 C ' 3*3' 

Jj^aj (ji 3) I-^^a j 3 3^' oAc-iili 0^3 3 ^^' s j 3*i' 3 C jc ^ 3 ^' 3'3^L' j 3^-3' 

_Jaia A 3 g j 3 ^a jj 13 ^ < 33 *-*^' 3s ‘ 3'jJ 


A^cUJi M i I a j’N >7i JLaSlLoil 3a. j 3' 3' 




^C-l 3^' Cy* ^A*J a.) 19 Vi 3^“S (3) CS^" O'® aj’N ui aLaU^ S- 1 .jl-VI 3 133 

0^3 (A-llia.3! dllil]l AjLa. (3) U^3' 3) jL3' Cy A 'A. A a'I 3c- ja-\< ^jouj f.131 3 j jjl 

^Aa“< a\ 1 ^)jai^a]l ^ajail 1 g t.ixa 3^' 33laJI 0^3^' _jAjJ^a <3 C ' 3^~*! La Ulc j JaflS oAa.1 j 

31aa. 3 o^3® J j' Aic. 3>3^' '3 uj^j ^'j^V' s-Lou] 3 j (lookahead) 

.jl 31 (jj-aaSl (j-a 
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-All-iJC. jaC- j jlac.) — <uAAj^)il ‘A^uj.Xa *AliS — jjlull 4jt-ali 


^aJ! ^li Laiij 'array' A-aK Ajc qa Iajj ^Aalall jjlj-all ,jli aLLoiII Alai cjliLaJ aauuIIj 

^lill (J^ till I j <type> a44^^L! aj! aJ! Ajj- 4 *-' 4 ^ oji\ .fill ^Ai a>« <LLlLall a-jI^cVI Sj^iS «.Llil 

iJjLull JUL a_^,UJ1 a_jI j^y\ aj'N A~i f.Laijl aJ^I^)-® j Ajc fAilall ^jiujj-all £uJa jj 


Alai. aAjIa^)!!/! (jJJj lg ill 4^3 L " v W J ^glll Aaj^jlollj A_]ljcVI J ^"' ‘ 11 ' AS"^ l — SAg-ij 

jx^lla ( Ail aj-N will jAi £aia_^ qa a" )\ at i ^ai f.Laiil AjIAjII ^^3 i^i\ J-»'i\l I.AA dlAil j aAjH ~\A.all 
Ac I Jill (ja a Ail J eAcli Ai jj Aliii Alai, jlo ja lAAic A_aaj ^^lll aA^)!!/!!! aJI-^ 4 ^ array AS^W-^' 

jxjll j^Ji: Laiii aActall (jA A_iilill AjIAj array j-ajH lgy3 ^>6-4? a 5 "^' (JHall Ajjijl 

a^i Ai a1)1*_ij1i a-HaiV aAclall aAA jliii.1 ^li ^Lillij .IgJ jj-yV' c_uliJl <^k <type > 

jaj Aic aj'N .'ill ja 1^-iS a1)44 oja aJ^ a 5 ^ J .A—ll^cVl 'ij> iu allij ^).al,u,y Ia51a j A.jl^jc'iH 
Alaii AjlLill aA^)la]l ^1 ^jiuj-all lilA ^aiAaj ^jj AliHiA-all Alai, ^jiujx IgJ jaiy (^lill aAclall £a ^ 1 Jaj i 
Aic e^)i ill ^ia_^ AJJ^! La Alii Lai .A-jl^jcVI a^jiiu ^ AjMI eAa*Jl ^1 aJUL'^I £-a aJI^-^I 
Alai jjoija l^J JJiy A5-^^ aA^jlall ^xs a3;' L.M1 as^" laSliJ a5-H^ Ajj~~> 'ill aAc-lall jlilil 3^J 

_AllHiA-all Alai ClllA^jla ^-a i^i\ Jalil as-^^ t_lljC.Vl QJ> >a aLuul ^ g Vn Ajl a5^1 Ia^Aj AjLiA^I 

^-a A_3yl Will as^" -^l^- 1 3^^^ Aluiliall Ajjiill aAc-lall jlilil AjlaC- q[£ A-alc. aAxasuj 

A jc. AliiJI j jl iiiL/1 ^gi eA A- Dali A3 j AjLiiVI aJ^** ) a 5^ Hail j Aj^jiilll aI*! 2 ^! AlllliA-all Alai 
lilLiA aJ^I J Almlia JJC- as^ a^all ^^3 lAjlilil ^ii as^^ eAC-Ull ajI ^jialll 1 a] aJ^P^I aAfrls 

aAA I^js LjAij V (Predictive Parsing) L 5 jf^' m' j^V' as^^ m' a^j A^alk Aiijla 

Aiaay a 1)J^-! jl ni VI aJ^ Aj^iill aAc-lall jl nil ^^3 ^iljlll 4li^)lall aAA ^Liii V j Al£liall 

jVI a^all aJ-« A-alilA 


A^jaiilt a_i1jcV' .2.2 

A^jlj^ill A^j^' A^-^ A5^1 A5^' C> isJ* C> A *Q \ ^ \~% t-^\l 

a > Ac><ii^ aIacIj AillL a. A a 1 1 Ajjil' 4^ j4j (Recursive-Descent Parsing) 

jiy Liui AjlliAJI Alai aIiIa jlal ta3j lAAaaii ^lil (Recursive Procedures) 4j' j^' <^>4' j^-V' 

■Ajtll Ajj~s ill Acljall lyylc- ^ jaiJ A,?^^ All^JlUl jj-a^jll AiL Allle.l^jiV! aAA A ja P-I j )i.l aJ£ Aalj 
Ajilyi V >J aJ^I y lil >^»^H s-I^^VI jlylil ^jj Aliii Alijlall aAA Cli'^li Ail a 5 jLLlI yjljc^l 
aAA A 19 Vi A - 1 jj jj a!)_5^ a^UAjj AliHiA-all Alai ^jiu^a JJiy a 5 ^^ eA^lall taS j ^_yajAC- a^I aJJ - ^ 
Aj^lj 4laill eAgJ AlHall A_jl^)cVI a^jiiu allajl ^11 ili AllHiA-all Alai ^-a a 1«I-*-11L Aj-<aliJI aAjIj. 1 ^jiVI 

■ AjltS J< iy lAaLaul ^iii ^jl aJJ-^ 

A-aAiluAall Ajj~a ill Acl jail la3j a$ 3/'‘'" y j l J ) c -'^l AalaC aJI* 4 - 4 aAjIj. 1 ^)iVI a Ja ^_ya^yu j^lj Laa3 j 

Ia^jLoiII Jllall ^ 


(procedure match (t:token * 

begin 
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— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


if lookahead = t then 
lookahead : = nexttoken 
else error 
end 

procedure type * 
begin 

if lookahead in {integer', ' char 'num'} then 

simple 

else if lookahead = 'array' then begin 
;match ('array'); match ('['); simple 
match ( ']'); match ('of'); type 

end 
else error 
end 

procedure simple * 
begin 

if lookahead = 'integer' then 
('match ('integer 
else if lookahead = 'char' then 
('match ('char 
else if lookahead = 'num' then 
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4_uj_j.Aa /^jlxl\ 4u 1£ — ^joLuli AjlaL^. 


;('match ('num'); match ('dotdot'); match('num 

else error 
end 

4 .*1 aQ Vi < JjVI p.l^)2kVI ;dl«.lj^.l ^jic. <ajL3l t_iljcVI oAi. j ^jliali i"n-s 

(jiplgj^/UI (jjJ)xj]l CP4*i ClllLi]l J ^jllll (jjf.l^ja.VI 1 <1J1 d^La.l4l 4laa dl-l^jLa £-a 

«.lj^.VI «-Ic-c1uAj cjIjcVI 4 j\<a& Iajjj <LLai]l Ajjaill cc.1 jaJlj <simple> j <type> 

j (JliLall ^^3 Ig-xal.^Vn J JjjLoi]I dLla.La]l A \x>-y (ji&j £-a "''type ^ ^gjtgj^UI AjIdjI j-a^W (J^*' •*»■'' 
^Lill ^Vl J^Vij Cilia. -LLaaJI oCgi 'array' eCji4l cic. jCij-a]l IacIe. Icjj 

;4_Jliill dil jJaaJI ciiii type e-lj^n 


;match ('array'); match ('['); simple 
match ( ']'); match (’of); type 

; AjMI Ajjaill oCc.ts]l (j-a (j-aJ^I i_lilaJI (JjIsj ^glill j 


<type> array [ <simple> ] of <type> 


A lo-a ^jCuJj-a £-a J-»'i i A Sjl mil oCC-lall (j-a-J^I l—ljlallj C ^ja jm _^aj (JS j_jl h~s^Li C 

»lc..V'nul Cic. j I g i<a (_)fLj (j-alall f.l^a.VI elc-Cluil 4_ili A Ll g L/UI A adlj Lai d^l'V^.all 

;4_illllll dljlaaJl Ciiii CllO ^jJajCa]! jxVl J^Vij <simple> ^Ig-i^UI 3^^^ (J-saLaJl 


;('match ('num'); match ('dotdot'); matchfnum 


; AjMI AjjaiJI oCc-tiSI (j-a (jalVl t_ ill -all (Jjtsli ^jlill j 


simple> num dotdot num> 

(j-aj^l l— Clail IAjj LaCic- <Ujg mj Cthj La ICA j jLnaVI 4j\,aC. dLla-Cajl A \,a-a jdjx CjSj Cilia, 
^daj-a ojCuLus (Jjl L»MI dCa j <UlaJI oCA ^ Aji^ 4jtl]l dlC^)La CaL i_j\ ,__^CiL^_j 4_i_jai]l aCc-lsll 

Cic- dCa i La _jA j < __ s _lL^_j V 4_ij~s ill oCc-lil] (j-a-jVI c_ljlaJI <d <Ula ^ Lai d^la.l4l A \-a-y ^jCuj-a 

;<JLi]l oCc-li]l 


<type> <simple> 
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AiiljUC. ye. / -Sl-iC-J — 4uiS — A x x,\. ri 


'integer' Aic. i_sL ciiLLk.ia]l Ala^. Jjjx jajx ,jj£j La.iic. l^l^iuil J J3I o^c-lill j 

J <type> JJ3JI Jj' Jja ajj^-j o-ic-ta Jj^.j j type 3jJ3 c-L^-iLol Jj Lfc-iic. j 
Sjftlall (jli l^Jus (j-ajSfl <■ _ ijl aJI <jIaj J 'integer' JtJI 3 a J ^ j o^c-tall ya jjauSn t—uLail 
f .lj^.'^l g.lc-.VuJ-i type e-ljJ^I JailL j* j 4JLaJI oLa J JL3I 

jli aJL^JI oLa J j . 'integer' .He. *— i 3 ciL>Li..ia]1 Alaa. Joj-a ^.^aj-a <jj-^j ' * ~'~' r - simple 

Jj-aJI ^lo’N A3^)*-a (j-« tdj Ji£]l ^g3 lA-icLatJ CllLa^*- 0 ^gic A<U3tJ ijj j nMl cjI^jC-VI AsjJa 

Clii2k Ajj^j]l o^c.ta]l J.1: J J£ laJ ^Lll jlgi!/UI j-ajl i"llq'iLt,a ^J-a^ IgJ lAij J JLaj 4jjlgj]l 

jJI (jlij jl o^j 'mum' j 'char' j 'integer' J43 3>®3' u' ^ 

(j-ajl t— uLaJI J (_jl Jlgi^iUI Jajl <jl C>=j3 13a J-AiL jliSI ,jj£j JL] j <SilTiple> 

Jc- (J< al >. 7u j]l (X 3 a -J^ JJM A-C- j - a-> < a\ l Ji FIRST°( Ot ) tj\* 01 3*3' J* Ajj^ 3I S^C-1331 (j-a 
ijl i» <aj Q[ jlj]/UI Ja J (3® t^aliluil Ji-aj 3-aJI ^io-n l^j Ijbj A jjl g ill __JaJI 


{FIRST (<simple>) = {integer, char, num 
{FIRST (array [<simple>] of <type>) = {array 


A nl g i]/U' Jj-aJI j (j-a £ JaJL 3^ 3®-3 <j]l J Ac-jlill aI/sJI (Jjliiaul (j3aj Aji A J-»~s3^a ^-a 

AiL^ 3 ^ (3 Ac- Jj^^xall (jjjj.liia) lijli La j^aC- j 1“^ CS^" cJ^LoU 0[ J FIRST ) (j^ 

^3 cdjLoU Ajj^J O^cla (j-a 3^^ J Ajta. ^gJj IjA JJjoU I ViS'j A m<al ~n\I oJLi. j]l ^gi 1 g jl >n-s 

| jjjJLill (jjj^tall aJU. ^ LaS La3 C- ijLaJl ^gi jg jjj (_5^l ^gjlgj^JI 


A> a> 
A> (3> 


(X ) CllLiji-vxi (jjj ( *Jalij (j-a Aj V Ajli jfnll t—lljcV! C5^ J ^LsJI dLa ^gia 

(jjj^ctiSI (j-a jliii.' ja-ic. Jl (Jjj FIRST°( (3 ) ciiLjli-aj t FIRST°( 

(jjj AS JuaxJI oJ^)La]l Ajc. l iki dl3'^^<a\l A \xi-n ^jjai^a ^aia^a (jlS lij La aJL^. ^g3 I g ajall Jj <3^^ 

o3 (JlLa Igja i*'.Wi J]l Ajj^jJI ^cl Jl A-aliklLoil (J-aJ V jfnll c_]ljcJ! ^jli ad]L] j (jjV! 

.aJUJI 

jLJI a^L J jSjII Aj£LCa . 


c>a AillLj A^aUJI ajj^ 3I ^frljl J (Left Recursion ) jLJI J^-L L>« jl J j Jj^.j <j) 

oLa j (^jjl cjljc^l 4-1 jLol l§-ja Laj } (_5 jIjSj]I JjLii]l t_jljcVI JJal A K Li XI l_UmJ (jl ^£>1-31 
t_jljcVI jJ Aj^liJI Clllf.lji.'il Jii -iic. ^Jila JJC jl j£j Cjj-li. Jt£-alj Jjijj A K jqbail 


; Ajllilll Ajj~\ 'ill S^clill (_)iajij ad]j tr ust jj] j 
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diljuc. jac. / -Sl-ic-j — ‘UjjjXa 4 uiS — A x x,\. y 


<exp> <exp> + <term> 


l_ya (j-aj'il t— LlaJl jLoiJ (j-i^aSl ^ ^jgiaJ l 5-^' J <eXp > ^IgLlUl 3*3^ Lj' S^tlSlI odA 

exp u' t— uL^Jt j _ 5 3 JaJ ^a^)ll (jjiij ^jA Ajj*\ ~l\l 

3-a^i (jjijj IAij l^J (j-a-i'il L_jjLaJI jjjSL Ajj*v 'ill o^C-la]l odA al-lklml jj 3 3^3^ ' ^ (jjjLa]l 

^Jjaij-a j_j3 j AjlgJ V La ( _ S JI jl^)£3l dl j.la. La _jA j a^ya 4_uiii a-lc. diujL ~ j<Ll j . ■< Ajls 

^Lgill j-a^)]! £•« £jda^/s jjjUali aJI^. ^^3 Vj ^»LalU 4 at .>) J^a jji'n V djUkda]! Alaa*. 

4 \-a-y jjaij-a ^jisj (_$ I djiaj (j] ^LilLj V > JJ l-iii <LLai]l o^c-Ull jj£J j ajj^jJI o^c-IaSL 

_ ( _ s ^lLa JJC. J. A j La-a CllHSk-da]! 


3 uiill A_±i.lj (j-* jl^)SL ^^Jc. (j .a > ^Vn ^jll o^C.li]l AjLiS o^lcl (jSLaj Ajls A K Lixill odA ^^Je. i—llijllj 

V jl jll' t> jj^Vi £->3 3a 3 V dUjj (Right Recursion) 3^' 3^.131 3* jl j£ill ^^3 

Cl3l^..l3l 3-a^. 3a2^3 AjloC jj-a L. 1» >^11 3j Ajl] j jLli]l C_]I^)C-L/I Aii^lal AlSHa L-lAmJ 

^ L jA j (Left-associative Operators) jLsLVI ajjLou dj3L& ^Jc. ^jldi 

^3) jLaiJI A_l^.lj (j-* ^Jc. (j .a > AVn 'ill ^C-l j3l Jjjivj A 19 j_jL/ 1 ^-da 3j a313I 

(j-a A <A ^ > J' j_J (jj-a3 A_iis^lj ^j>s dlli 3j^ad ^C-l j3 

;a313I SJC.151I 

| A> <A> a (3> 

3«33 ' La (_^l IdiJ (jl jjJ A Ll g aui J A i~il g 31 3^a Jl jj-a Ajjaalui (jc. ojIjC- (3 J Ot 3^ L3 jjl i"n*s 

j)S-ajj jLa3l A^awlj jj-a jl^jSL dlli o^C-3 aJL^JI odA ^ J jSfl 3jj~s ill o^C-131 j <A- > 

; LaS 1 -V n-ojl 3.3 q .^ (j3dc.tall 3 jIjS o-ilc-l 


<A> (3 <R> 
R> a <R> | 6> 


3'dlLal £-a j)£J j A -Njiill (J-3j IjiiikJ jSJ jyjkjL3l (jid&liJI Ajjadll ^C-l j3l oAgJ 

Aj.jo’No'I jj-a A ill 31 edtUll ^^3 (_^3I j jy-aJI A_pwlj jj-a jLoiJI A_pwlj jj-a jl^)S3l 

dill] ^jjouSn i—uLaJI ^^3 Aj. jxi-yxill odA ^ 3 ) AjsLdaj (_^ 3 I j *~R> 3 ^^^ i."n~s ojii.Sfl 

dl]j 3^^ (j^ L9 3j-«)" Aj^L jj>s JlLaJ 3 ^jA j l^J 3^^^ C_Ll^Jl 3^“H C5^ Ldajl j SJclill 

; jLo 3 l A^lj (j^a djli jyjjjiJ (jjj^c-li L _ s lc. 3 -« 3 ij (_^ 3 I ^Lill 31131 LS lc. 


<exp> <exp> + <term> 
<term> | 
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Aill-lUC. jaC / jlac-J — jit — jjlu]| A x x,\. ri 


\ ^gll La .Id JLiall ILa ^33 

<A> = <exp> 


< a = + <term 
< j3 = <term 

Aj2lU jja jlj£j]l dli A-lllill Ajjdll ^c. I jail Ag- ja>a ^gll (jjjLl mil (jjj.ic.lall JlAnL.ll (jSLaJ ^glLillj j 

jQxaall 

<exp> <term> <rest> 
<rest> + <term> <rest> 


e| 

'■ £ n.oM la-lmilll Jd AdLill djdil SJC.IS1I dL& fclcl JLulLal £a 

rest> + <exp> | £> 

A jajuull dl jm'lll ^^.jja «.Lajl .3 


Aajjla Aaaali. j jLail ^gll ^glc.1 (ja i-jljfrVI jj^jla J A^jjll A_ijd <La^.jlll AjoiIj^ ,A*_jj ^jVI 
(_£jd ^a.jLa a-LLil I Ti^aj Aili (Jjjjjll t_jljC-VI C_1 ,jluil (jajJalli ^gjll (_£jIj£j!I ^gljLiill t_jljC-VI 
Clfr IgJ (j^.l)UI JSdlt ^gll .ilja-all ^ Li.n jll I g Kn'n A n>iLijll dljjjxjll A a jjjj ^»jaj (_£ill J A^v.jjll 

oiA ^3 aj£. j i S jjoi liili (jjLaill ^gS Lij£i La£j C Aiii CJjjfla Jal£ ^calijj (ja ^*.jJall liA j) j£j. j j> a 

^a-N .11 (jjaj I g 111 Ja-£»Sj (_gLll ^IH^^I O'* Afcja\a (ja jj^jj ^^Illl A n>iljjll dl jmillj Aiiajall 
.il.iC.VI (jaduil e.i^ jll oiA (ja AalLill f.\ j^.VI ^3 dl jmill oLa .i ] 9 »‘i ^jj jl ^glc. 1 ~»^ ^ jlall j 
dlaaasl ja .il.id ^g3 A^jjll Ajjd A a’N jlill dl Lilrs a .iC-Ld LajaC j .(jj^VI dl l\a» II j dl^liiall j 

A A . ^n jjd (jill ^Skjlall ( ajj*j£ JjS (ja l ^ > la JC- (jjLoill j AjlLill dl J-ilrLall ^ddaj i S jjoi j ^a.j!iall 

■ fi.il.iC .1 


{('+') exp> <exp> + <term> {pri nt> 
{('-')exp> <exp> - <term> { pri nt> 

<exp> <term> 

{('term> 0 {print ('0> 
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Compiler for msc of cs 


^> aC " / A_ujjAa /^j\xl\ 4 u 1£ — ^joLuli Ajl-gL^. 


{('term> 1 


{print ('1> 


{('term> 9 


{print ('9> 


(jSLaj 4aj*\ 'ill Ac 1 jHI ^^Jc l- — I^I jAkjjI j^vt j (JLdAl e j j jAa (ja CllVI-sJI c_llc I ^^3 f v w i Lad j 

(jc 4. *,.al».lmV I (ja Aj V Iaj.1sj 4ajLoiII 4ajaall Acl j£ll 4_±*jj]lj 4jli (jjildl c_il jcVI 4iajail jj Igal jcl 
<illi jjl Aj V jjdl J 4jca (_]*al*all (j jAuli c_ll jcVI £- J JoH > 11 j V (jill j jl mill 4_ja*Lj (ja jl jdldl 

jl mill 4j2*.lj (ja jl jdldl jIajILuiI A*j Lad ^ 1 j. ^aJ > u 4 ihl mil 4-jj*s ill Ac I j<i]l jli cdli <a jlil j AjAjoi 

|(_Jj 3 (ja lgj]l jLaudl 4ijjla]l jaflj ^IaAILuiIjj 


<exp> <term> <rest> 


rest> + <exp> | - <exp> | £> 
term> 0 | 1 | . . . | 9> 


(jaiaj aJjAj I g La jLaidl 4_i2*Lj (ja jljdldl i sA^. A*a 4 q j\ mil Acljill oAA (jl jj-a ^»C jll J 

^3 4_ij-\ ill Acl j£ll oAA jjl Vj jljdlill lAA i S-la*. (_Jj3 4jj*\ ' ill Acl j£ll oAA jj-a l&Ajljj (j£Laj ^^iill 4 jlUI 

4 ldm.a (j-adj i"ii*s (jja*VUI (Jd mil ^Jl 4 n>iLjjl' dll jAJxldl 4 .a'N jlil 4_jja)l_La jjc j/i»‘i jad-VI IfrxjJa j 
4_iLaC jl £-a^ll 4_ilaC jj-a (Jd ^^ijla Aj, Wn V I g La 4-jjLill sAclsIl jjl ^3 4 -Jj~n 'ill Ac- 1 j£ll oAA 

JdAall j 4_j ^Lidl i-. 1 » >^ill jj>s jjjdj Acl j£ll oAA (JlLa ^^Jl 4 -jIVaII dl jjjLill 4ildal (jli ^JLilLj ^ jlall 

IJLadiLuil jj-a Aj V jl mill 4_ia*.lj (ja jl jdldl ( sAai. 4 aj jla jjlj lAgJ j 4-aa*. jlll 4_iLaC j.i^at i (jAll aaludl 

SAclill aa:I£ I jli ajIVaII dlljjjlall i_yax j <_5-lc- 4-ij~v 'ill Acljill ?.lja2*.l 4JL^. ^3 I g 4j 1 3-»'i j)d-aj 

; (_]d ■Till t _ 5 ic- jl mill 4_ia.lj (j-a jl jdj ^^ic- (j j'i~s'i ^^all 4_ij~s 'ill 


A> <A> a | <A> (3 | y > 


jl mill 4a2*.Lj (jxs jl jdldl i sA^. A*J ^^-JIllSI (JdAull ^ ; > ^i'i * *i l^jli 


<A> y<R > 


R> a <R> | (3 <R> | £> 


4_ijal_ijll dll jll*all 4-a2kjlu 4 >^>l -\H 4_ij~s 'ill Acljjll (_ s -lc- I g -ai-«» 'i A*a 4ijjjall oAA (_^ulaj 4JL^. ^ 3 j 
Lad (j jda ■ » Y J (3 J Ct (j-« (JjIIaII (jli 4 jIVa 1I dll jjjLill (jawa ^^Ic. ^ jlai ^jjll j 
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Compiler for msc of cs 


— AajJaLj^il <LujjAa /^jlxl\ 4 u 1£ — (jaluil AjlaL^. 


<A> = <exp> 


{('+') a = + <term> {print 
{('-') j3 = - <term> {print 
< y = <term 


US jUUI jl jS3ll 


i a. 1 ^. A*_i 




.■nin (JjjUJI A (jlj JUlbj 


<exp> <term> <rest> 
<rest> + <term> {print ('+')} <rest> 
<term> {print ('-')} <rest> - | 


e| 

{('term> 0 {print ('0> 
{('term> 1 {print ('1> 


{('term> 9 {print ('9> 


AiL^la ^lUUuil (j-a (_]■» n j IU j 

o^)La i (j-ajJajj i"n*\ (JjjUJI kikrvxi'l IU ^^Jc. A-aJjtJ t _ 5 -UI 4 jlL .il.ic.Lj (jVI 

Ujlgj!>UI jj-ajll j <term> j <rest> j <exp> Cy* aJjjU]I <. kjl jll 

_ ; lUil 


exp 

} 

; term ; rest 

{ 


rest 
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Compiler for msc of cs 


— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


} 

} ('+' = = if ( lookahead 
;match ( '+' ); term 
; putchar ('+') ; rest 
{ 

}('-' = =else if ( lookahead 
; match ('-'); term 
; putchar ('-' ) ; rest 
{ 

; else 

{ 

term 

} 

} ( (if ( isdigit (lookahead 
;(putchar ( lookahead 
;(match (lookahead 
{ 

; else error 

{ 
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Compiler for msc of cs 


jiiljUC. jaC. / -Sl-if) — AjjjXa 4uiS — ^j-jluil A x ll y 


4_Laa>. ^jjai^a £-a l_A jLliklj ^»jkj SA_^La3l Jjjliaj (j-« A^llllj ITlStch 'CLJa^jil A lui illjj 

oAA A .ag .a (jli i A^l j L_s^pk. (j-a ^jjSuj Igjll^yLa ^io-n lAAj^aJ (j^j 4jti]l (jV J 

_Jais 1 S j^aJI Of 1^)3 j 4jjliLa ^A 4qiJ-»j]l 

A JaJjuu]l A i>>iLi^)]' Cl]l^)mMl A J (_ 5 -uJl 4jlL c_jjj5La]l (_JxlS]l ^>jAs1 (_1^ j 

4_aoli. J ^-alj^JI I1 a qa AiLll mil 1 iuLla ^1 ^^Jc- ClA nmVill ._pajt j (J^Aj 1 a jjoi IgJ i_]Sjoi]I 

Recursive ) u-« cl]i j Jj LaSi ^-u^al] l giiAlS aU-i>.u c'n-v rest 4-iJajll 

£ j^' uj^ cs^-'c J jS 3 (^k. ^ jlaJ (Iterative Function) ^jj' <^=>j J) (Function 

. Juilill ^ 


rest 

} 

(while (1 
} (’+’ ==if ( lookahead 
; match (’+’) ; term 
;(’+’) putchar 
{ 

} ('-' = = else if ( lookahead 
; match ('-'); term 
;('-') putchar 
{ 

; else break 

{ 


(j-a A iajjaaill A n>iLj^)]' Cl]l^)m'i\l A a~\ A i\.a» j (_£,a 1I (J-al^ll ^Aaj ^jVI J 

^^1 llla-all 1 g Y\ u> (j-a cdli j -1x33 4_iLaC j 4_iLaC- I g lu (Jj-saSJ (j-a 
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Compiler for msc of cs 


<Ui|juc. jac. / ‘UjjjXa 4uiS — A x ll y 


AiLkiaVlj 4 qjl ml' i ajUa (j a > A~> i i j ^jaJI 4 jlL c_j jj£La I4A j lg-1 i_]Sjoi]I 

match (j-« (JjsuaU AjlAj ^gk l^jlc-iLail ^JJ j main 4ijlaj]l 

di lie. UaiJI <1 Loij <c.lilaj fJ 33 error jJI j 1 $jJ) ejLuoVI 


<include <ctype.h # 
; int lookahead 
main 
} 

; lookahead = getchar 
! exp 
; ('putchar ( '\n 

{ 

exp 

} 

; term ; rest 

{ 

rest 

} 

( while ( 1 
}(' + ' = = if (lookahead 
;('+') match ('+'); term ; putchar 

{ 

} ('-' = = else if (lookahead 
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Compiler for msc of cs 


— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


; ('-' ) match ( '-') ; term ; putchar 

{ 

; else break 

{ 

term 

} 

} ((if ( isdigit (lookahead 
; (putchar(lookahead 
; (match (lookahead 

{ 

; else error 

{ 

(match (int t 

} 

(if (lookahead == t 
; lookahead = getchar 
; else error 
{ 

error 
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; ( " printf (" syntax error \ n 




Compiler for msc of cs 


A_ujjAa /^jlxl\ 4al£ — (jaluil AjlaL^. 


; (exit (1 

{ 

Lexical Analysis ja*J' . 


jjC. <1 jj'u.aH oAi _jll JjjIuiJI ^3 A_ajA3j (_£ ill ^ijlall ^Jl i ajjJaj t S _jjoi f.^aJI lAA ^3 

Isj^jill ^><a Ac. j.a-N.a (j-a (jjSjj ^^11 dHAA-all Alai (JjjVn a ji ^gll oAijll ^^A j llA j )la]l J J~A' 
is A oAi_j]l oAA dll ^i jLa (jla ^gJllljj A \xi -n 11 oAA I^j ^ Hi ^gll Aill llA^jla (j-a Ac. j.a-s.a ^gjl 

-W-iJj ^ (Lexical Analyzer ) cjIajL!I (Jli* c>^j (Parser ) »-^j 

j) j£ (_j!l J lg_j Aa*alill A .ag xa\\_j ^Lill ajIjC-'JI oAi j I g jlf*- Aiixj ^gll Ajj~v 'll! Ac-I j!t 

(JilA oAijll oAA (Jla Ajij ^Ac- J (Tokens ) ubjia (j C- ojUc. Ac.Ij!I oAA ^ Ailg!l jjxjll 

1 - Lull lA^J J illA^jill (ju! j i Sj^jill (Jlal LgltiJj a-jl^C-VI oAi j A .ag .a jji a. 1 » >^11 ^ijlall 

(^jujjj ^liij'JI (j-a Ac. j.a’N.a jji H jj^ll A j . >*1 j^jll aj]l^)mMl £us JjjLlI f-^ll ^3 I lLaL«J jjll 
Aiijj (ji (jlajj ( _g£J j H Ail j l-Sji. (ji (jj£l l^jlA^jla jji ^gll J ^_jall J 

(Jilin A .I All oAi_jll A_jij a^IiuiJ ^^usVI (jli aljl^jiia j aIAC-I ^^Jc. (J-aATl ^^Jl A_ullj j )]l dll^) liat'lll 

(J\*s.a Ig i<a>ui‘n (jl Aj V ^^11 1 Ha^jll (jus Ac. jusiusJ f.^aJI lift lAllui j ^ijlall lift (jda ajllA^ilt 

.ajllA^jilt 


lllqilat'lll j ^Laill dllsLuuslI <. aA-s ,]_.4 


dl^Lkdul A \xi-n (j-a I g'i-a> (jl i_Sj^)iJI -n 3l*jluil (j-a Aj V ClllA^ji-all A_iIAj 

^glill 1 Sj^aJI (j-a J Ailll ClllA^La f.l^i.1 (JlLaj ^^Ilil 1 Sj^jiJI i^s^" -i»a3 jjSjilll cdli j 

Alai. (Jdb £- jli jji. (Jilai ^^11 t-ljjiJI ^ j^-y j (White Spaces) a-L-dnll dllii-mall IaaIajIoiI 

tillbl J (Tabs ) oAAxlall laLawill J (Blanks ) dA^ill dllii-mall i_ajjiJI oAA (j-adalj dllLiA-all 

^Lai a <l,W; djl Al ^>3-aJI (Jli-a Cliii. (NeW Lines) J) (JHii'iLj A >^il iJl aljjiJI 

J^ill (Comments) dlllcill lillbl J lg'1-Njj |ajj ■ a < _^lll dllli.A-all Alai, (j-a ^Ldull dlliLaJI 
(Jla I gill » o Ia^J j l^laijj ^JJ V I 4 J jll cdli j Ai-a^)JI dlla»J (j-a AjA*JI ^3 ij-a>l l^jaldal 

_ ^LduJI dlliLaJI 


Aim ^ 1 2.4 

J^j ^Ij (Constants) <lLi ^ jjll jl (j£^j (^dalj ^1 ^k dlla«JI dl jLl j) 

(j-a Ac-^ai-a (j-a (j_jljj AAc- (J1 (jli A ~v i~v ..oil aIAc-IU A n.i illjj A ^jaaHl jl A ~s i~v .^>11 AlAcVI 
jjC. A u >.1 <^]ll dll^)ij»Ml (JilA Ail jjj (jl Aiji_aH All! I ^>11! oAA (Jlal ^Laj!l jjla!l jj-a j 

oAA (Jlaj Aj^sali oA^)la a-LlLj jl ll^n*!l oAA i Hi t _ s !l Aj_jiill Ac.Ij!I ^^Jl Ac.Ij!I (jl J Aillaj 

t.j^ja'JI ^A jjiVl ‘-J ^LuiVl j A_ilalj j )ll ll^ii*!lj A_ualil! A_iji!l Acljill (JilA A\i\, — >11 Cllj!l 
A xiiqll (jjlj ^g!l ^lij'JI Ac-^ai-a (Jjjil llA^)lall (Jli-a f jfij Cli iLaijlall a_llc.l ( _ g i ^lAilalU 
(jl lUjll I Ala 4ipo!l all j!l oAA (Jlaj A_a*alill oA^)lall (Jlaj oAil j oAi j ^^11 A ~s i~v >^i\l All! I 
^lij'J! (j-a aLoIoi ^Jl La Ala Aiji_aHI aIac-VI (Jlaj oA^lall liH ^a num (_ 5 -jl$!l 3^^^ 
oAij (jJI (Jj^a! nUm oA^jlalL I^JIaIoiLj ^jkj llA^)lall (Jli-a (jli llliA!! Alai (JilA A at jljlajl 
AA*JI Ail A_aalill j oA^jlall oAgJ A.laa'JI A xiiqll jjl AjailLa ^-a ojjiSn ojjaH oAA ^3 ajI^jC-'JI 
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Compiler for msc of cs 


JilljJC. jaC. / j|jc) — ^jiatil 4jiS — A x A . y 


oAA (j«Vil .^tn (_£ AaJ ^Jh 4 xa jq W oAA 


jljcV' oAa^j] Ljaji L&jjjjsj (j^a Aj V 4jli ^ j-n. . ^-»\l 

. num c^' »a jLJI 


4 ialji<LI CALalfLI j CAl^^LCLall jjjo'i .3.4 


dililll oAgj 4 jjjS-«sJI ^2 (Variables) caIjjxILI ^lAadml j ^ulS <a^jLI caLL <JS ,jj 


4jjjaj]l Ac I jill J oAA (JalA 4-alAaJLail ^JJ jjila <J£J (Identifier) ^uil f.UaC.1 ^jj 

t—ll^cVI eAa jj dlliill iAISj CAlAjia Aa.l£ 1 g jLajjil j CAl^>jijLa]l oAA 4 all at .a; * jlj La Lille. 4a^jj]l dllati] 
(Ja.lA CAl^>ji!Lall Aal ^joil 1 ^j 3 jg Jjj sja (j£ ^2 jfj (j£lLj oA j )La]l (jjiaj (_£jj (jl ^LiVi Ac. I j]j]l oAgJ ts9 j 

I^LillS CALLaAjLl CAjl£ I a) (JLLall (Jjaui CALLaA-a]l 4_laa. 


; SUM = SUM + X 

; ^ net'll CAlA^Lall (Jia-a 4 jam I ^jj LgJj^aj ^jj j_jl AjV 4 \.aa\l oAA j_jlj 

; id = id + id 

(jlAllI j X jLCballj SUM (JJJ 43^)iill L. lllaJJ ^jjsVI t_lljC.VI eAa j (JalA ^ALCLoA ^^j ]! j 

t—ll^C-VI eAa J 4jaml _jj <LaAiCLuja]l CAl/LaA/LI 4 l-aa ^3 > Ai'i i La _jA j 4 ;L.oV' 4 \-aall ^2 (jl^)gJaj 

t_J jLoiVI (jaiil ^»JJ 4 K Lt,a\l oAA (Ja j jd CAIa^jLLIj L$Ajj Jjjjjsj jjjAj CAljjila]! ^j-aa (JlAjlml CAja. 
^2 Jaj sja (_]S ^2 jd SA_^La3l C- lal j^aJ (jl Aj V 4 a ia >^ill CAjljlill ^>j 3 4 a \\ at a 4j CAjsj ^gli]l 

.oA^jLall °A^J Jajjj-a]! ^>ji!La]l ^ajail Aj. Wij a jij 4 jj^al L-iljC-VI oA^ jj 4 >^il ~n\I 4 \ji-n 

caLL ^ jji-n ^aLLjou ^gj]l o jjaja-<Ll diLaKJl j (Keywords) Aj^ULLI ciiLaKIl AjjoiLL Lai 

Jla (jli 4jJ]| (Jib OJaliw J j]Ajj l^J (jj^j ^Cill ClLaKlI qa I&jjC- j while J for J if JL> 4-i-ajLI 
d A at \ (_]£ (jla iAUa ^jj] j Clll^jjjtda]l »Lajjil (jJJj 1 g jjj (jl CjlAjLLI (JjI^j oA^jj Aj V CllLalSlI oAA 

(Jla. ^ j_jl3 ^gJLLljj 4 jlU ojjaa.a'1 4 i~sLiqj>\l CllLalSlI 4 jLolj Clll^LCLal] »Lajjil »l l~»c.L ^-ajou V 4_a-a^)j]l 

i S j^pLI oAA 4jjaalm ^JjLLlU ^1 111 JaaS3 dll^jjat j<LI AaV ajjal _jA 4 at jLlLall i Sj^jaJI 44utlm ^jfiat j ClllA^LLI 

oAA (j-a 4_iaLiLa]l 4 xiKll 1 a jfiat j 4Als ^JjLLlLI CAAa IaI Lai 4 laLUxLl CALal£ll Aal ^-a 

J La Ajc. 4 ji 1]I CAlA^)La (jjj (J. ^all 4 iqiS ^3 (JlLajj (_^^al 4 \S jaAa LCajI tLlAA (jfU 4 at jLlLall i S 

^gi 4 laLiLall CAl o\S\I (j-a AAc- Lll jlCul 4jLa ^2 4 >^il -y j CAl^laAxLI 4 ^ 2 ^jLiLa (JSjoU oA^jLa ^jjs ^)jSI 

.tia V 1 g at a (JjalaCiSI 43j^)la ^jCa jatA...! t _ ? jil 4 \S LAa]l j 1 g ~ui (jjSjj i Sj^jaJI (jia at J 

CAlAjLLI (Jla. ^ ?. La .4.4 


CjjLaiVL Lgjjj (Jc-lijll (jj^j CAl>LaAjLI 4_L_aLj J t_jljC.VI oAa. j (jjj CAIa^jLLI (Jlaxs 4iLCal Ajc 

\ ^LLI (JScLI ^g3 ^dajjLI 
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Compiler for msc of cs 


<UllpC. jaC. j JlljlC-) — A-uJalj^)il 4ui£ — ^j-jlull 4jt-ala. 


Ag-j.a'N.a ^^3 \ g at J-aVlj £jl2La (J^ d l Sj^jaJI Ofl^pJ 3J dl3^)LaJI (Jl^ ^ jji (J£dl jpa ^jJaJJ 

\ g*i<ai 3 jjC. ^paj (_5^^ (_pajl £-a 0.1a. ^^Jc- oi^pa (_JS (JLaijlp AiUI dl-i^La i Sj^p*. (jj£j] 

i Sj^jaJI (_pa»p a?. 1^)3 ^^1 dl3^)Lall (JIa. ^ ^jlajJoJ 33 (jLia.VI (j^vt j ^3 j£]j pjl^jC-VI e3^ j ^^Jl 

i S^pJI Of 1^)3 3j& (JLLall (Jf±m ^\«3 i Sj^p>JI o3A 1 g 1'i.a'i ^lill o3^)La]l 3j3o*j ^pialluil (jl (_Jj 3 ^psLdVI 

^pSI ' 4jjliLaJI A ilaa J A ksi\ -yll o3^)La]l (JlLaj djLSi lil La 3j3di] ^JLill i S^jaJI Of 1^)3 jps 3 j V 4jl3 '<' 

_jA ^^JLill 1 S^^JI (jl£ H13 ' (_£ jLaU jl jps ^pfsl ' 4jjlLa]l A ilaa j 4 >.ol -n\I o3^)iLa]l jps f jii (JlLaj ^»l ' jps 

l*ji ^gJuu <Lll3 j)li o3j 3^. o3^yLa Ljji, 4_il3j jjl£ lil Lai 4-pLi]l oJ^p-aJI (JlLaj Ig-il ^gja-i l3g3 , = ' <—l SjaJI 
dl3^)La]l (Jia-a jjli ojpkVl 4JlaJI o3A ^^3 j ' jps ^pfsl ' ‘LijlLall A ilaa j 4 >.ol -yll j jV I o3^)iLa]l (JlLaj 

4_LoiLoi 3 jI^]I i S^p^ll I3A £-lpjj (^jj^pdll jps LIIaI (_£^pi.i o3^)Laj (j<->l ~v o3ll j i s^p*. 1^)3 33 (jj£L 

^jLn d ^)a"i ...j j dl3^)La]l (_]la-a fl^i a laJ 1 j (_£^^.i o^ps d^l~v3.a\' 

(JLaijlp ^j3j La LJlc. dllj^LaJI (_Jia-a j)li pjl^jC-VI o3^. jj djl3^)La]l (_Jii-a (jjj (Jc-lilll A ±mljlj Lai 
o3^.l j o^ps Clll3^)La]l (j-a As. dluUJ j (_£^k*il jti o3^)La pjl^jC-VI o3^. j ^1 Ig qq'v i ^^Lll Clll3^)La!! 

3j3^j ^-a o3j32l o3^)La L. ilia] djl3^)La]l (_Jii-a flc-3'ntilj pjl^jC-VI o3^. j (jl 3 Lula 1! (jli LilL] 

a k s-i \ 1 (jl t _ s a3aL j )]l ^jip'lW ^.auiIui djl3^)La]l (Jii-a flip (jVI ^ jLj i S jjoi j <al!rL-a]l I g >^>'ll . ■o~~v 

i sl^^lS Jais ^l3jVI dluu] J 3I3C-VI al.laJiml A pl^aj tillLS j I ^ ^.^pi (jpJ (_5LH (JlLa fl jJap CllliLoixs 

f^aJI (^Jl dll^piif]! ^-a (_]-aLtj]l (_ipjj (jl ^ 'jpaLul Ig LajJajj (_jiil 4-pLoiaJI dll II 

(JLaAL ^_53J (_5-aall 4 jl1j pjjjS^s Japupll ( _ 5 dal_l j )]l ^)ip'i\\ dlj^jLall pjii-a (jc- ojlpC- 4p]l."i]l 4qil-»j]l j 

;3l3C-Sfl iLi]j£j JJJn.'llI ^ jpiaj (^1 fLdliSI dliLuifll 


<include <stdio.h# 


< include < ctype.h # 
; int lineno =1 
; int tokenval = NONE 
()int lexan 
} 

; int t 
} (while (1 
; t=getchar 
('if( t == ' ' | | t=='\t 
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Compiler for msc of cs 


— Aa^JaLj^ll 4_uj_j.Aa /^jlxl\ 4u1£ — AjlaL^. 


('else if ( t == '\n 
; lineno = lineno + 1 
} ( (else if ( isdigit (t 
; 'Otokenval = t - ' 
; t = getchar 
} ( (while ( isdigit(t 
; 'tokenval = tokenval * 10 + t - '0 

; t = getchar 

{ 

; (ungetc (t , stdin 
; return NUM 
{ 

} else 

; tokenval = NONE 
; return t 

{ 

{ 

{ 

4 _pj 3 iLsLoia 11 a (jl£ till oplja 'ijM (JS ^ j jIjSllL lexan AjLJaj]! -»jSj i"n-s 

i_s^sJI _jA i—S^pJI (jl£ 111 Lai . jl^)£j]l cjIjC-VI oJ^jLa (_^l ^-Liwjl V oJlJuCLa jl 

(jjJ dl^l'V^oll jLum AjtjLLa] linenO _JjjCbaII Ajli _jLi.hI ^j^aliJI 
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Compiler for msc of cs 


AiljUC. jaC- / .sljlC-J — 4uAalj^}ll ‘UjjjXa 4uiS — A x a\. y 


£-L^jI ^-»'lj > AtAcVl A^J (jj£j (j-« 'CluiLuo 0 £.Ij 3 <ULa. ^2 Lai _t_jl^)C.'^l oA^ ^ O-i^ia [_g\ 

^jj <3ii ^ iil]j Iac. La . tokenval jj*La]l ^ l.g.».>ja jj .}a*JI <xua aja^l ^-a num 

_<JjLuiaJI CllLAaaJI (_£A^J (J-Lsj tgjl jLuC-1 LS^" oA^ J ^1 t ^jb LaSi l^C-Likjj 

L. llLaiij ^ja^M (jli A n>iLjj3' Cl]l^)mMl £a AlAcVl ^lAiCLuilj ^Lajoil] Ajl jLu&VI ^2 A^-Vl C—L^Jj 
^IgiLUl j*j\\ l. -Laa J ^»jj Clu2>j L? iJalj j )]l jjjxalL A >.ol ■*>!' 4jj2»j]l Ac-ljill ^ jj*j 

; JLill JiLLL <term> 


( <term> ( <exp> 
{ (num { print(num. value | 


(j s->\ A U f.1^^,'^1 (jli (il]j if-Lijj (jjjLoil ^2 (jl£ LaSi A jail (j £• A (ja VAj 

; (_jJj LaSi jj*jj I—Sjjoi t_jljC-VI SAa. j ^2 <teriTl> ^ ,' 

term 


} 

} ( 1 ) 1 = = if ( lookahead 
;( '(' )match( '(' ); exp; match 

{ 

} ( else if (lookahead = = NUM 
;(printf ("%d", tokenval); match(NUM 

{ 

;() else error 

{ 

(J jAa. ^LaA) 


iliiaLU tillij (Symbol Table) jja^)JI (J jAa ^.at,a'l CllljLu]l (_)SLiA (_£Aal ^.iViu) La LajlA 

t_jl\a'l\l (_JaJ^)a e-liil 1 g » Jaa'i CllLa ^jl*-a]l oAA 4q\'iaa\l jAx «oa]l ^caLi^jJ Ajt\ C- nSl^)j (jc- CllLa _jl*-aJ 
eLui ^>LLa3 c i^Luiall 0aL^)j]l o^jiAi Ai] jj] x.iaaLll Ala^ja (Jl/la IfralAVimV <LUa j ^a jliallj A >.ol a" 
jja^)]l (J jAa Cllljla. (_£Aal Ja.h lAjl^jjila]! Aal ^aol (jj£j i—Sj^jaJI (jj_^aj djlA^jia]! ij;la*' 
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AlljUC. jaC. / A.1C.J — 4uiS — pAuil 


j ^lAV'natV' (_£A-a j ■‘ULi^Iaj _^i (j-« ^lAAaJl Ia^j 4_»^aLa«JI CllLa ^jL«-a]l cs^W (J-a^" u ‘A (jl (J 4 ' 
Aj] _ jj s-lili! CllLa jkJI cdii aA^iuij i"n*\ A ■a’N^iill 4_iLaC. ^ja AJLill (JI/lA. 'Cj ■‘U-aliJI A <aiq\l 

.^i*Aa]l lAA ^1 w'i . ,il j 4-iuaLLall o^sAi]! AjAsA] AUa j 4iAg"nat.a\l o^)iA]l 

^jc. AUa j j^/a^)]l (J J-Aa. £-® djlA^Lall ^ (Jc-lij A )9i^ f.^aJl lAA ^2 (jVI ^ j)9 i > at j 

A^.1 Aixi jj-a^l (J jA^. qa j^a^)]l Allj ^-l^jAuil jl (jj^AAj (_5^1 1 ajOaj]! (jAu t-J ^IaSAjoiI 

(J jAa. ^^Jc. La&Ajiij ^Aj jjlliilllll ^jljjLajt \1 j ^«^)]1 Ia^j ■ £ Llajj^a]l 4 jl 1]I oA^)La (jj^AA Ljajj ^Aj jj-a^l 

: jj^J 1 

a. c.ja~\a 1^j 3 (j_^kj insert (s , t )i jj-a^l ujA^. (J^Ia Saja^. AjLk AiLAaL a t\.a» \l oaa 

.AjlAJl oAA (jjj^)^3 A __j*j j_jl ^^ic. l^-ilj ^.a'in t eA^iaall A1 ]a£ j J^/a^l (jj£j S t — Sj^jaaJl 

(>a <C^ 42 ^a J^a JjSjj lookup (s)j l 5^' _>«jll C 5 ^ LS cs^' (j& LlrsAi AjLaaJI oAA 

0 ^3_j (jj^) VI J A_j^, J-« (jlS I a) AjUaJI oAA A ^*jj S t — ® 

AjLk ■ £ Ua] j (_Jj 3 (j a ^Jia A3 jj-a^l Ai.1 (jl£i 1 a 1 La AjAsA] A ill Ml A i\<a» \1 ^IasJLuiIj CAlA^i/AI (_Jii-a 
^ Al oAjA^. 4_ilA. AiLjaV j'J I ■‘LaLaaJl ^A'v'nan A1 ]a Aic. j a^ya (J jV l~ai Ajl ^al jj-a^l I ^2 

'jjA jll J jAa. 

0 jj-N~s<all A i-sl'iq<a\l C )\ xiKll <Lalj«-a .1.5 


4_uaalA. <jlA. 4il_Aalj Igjt^a <J>al*A]1 ^jj (Reserved Keywords) ° jj>~ v -®" ciiLal£Jl (jj 

l^\ A. iai. a) (_jSxj V ^^)A.l jj-aj (_^1 h (Jj3 j ojLaijl Aic. jj-a^l (J 1 g i-a 

while J for ° jj>~~>-®" CllLaiSJl (jxu>i?i 4 jlUI CllilS IaI !>ll<aa CllLalSJl oAA AsJ <jLoU ^joiIj Jjila 

^jjlilaaJI iiali jj-ajil (JjAi. <aLaail AjIAj Au«i while J for *IauiVI (J-aiA <il]l oAA ^ ClllAjLaS 


;(insert ("for",for 
;(insert ("while", while 

(j£xaj V JUlljj for ^*-11' oAjial cs-®^ looku p( "f or" ) i ls' u!^ ^a Ai& j 

.4jiI]I oAA ( _ s il lAgj jjiAxa (_^l 4_ixajoU 

jj* j^' JjA?. tjjJ=A .2.4 

^^1 L^Ajjjoi La jSh j t _ 5 ^AaL^)]l ^jijatMl dlljjiAajl ^lAVnatl ^j5<ai (J ^alAiJLuil A*jj ^jVI 

<ilj oAIc- 1 Aaj L<aS ^ n^ail djlA^)L<a]l jJ\~\<aj A >^-il -^11 4qiJ-a^]l ^^ic- Ail^LjAatMl ^jAut J <al^)^. ( l 

:^i 

<include <stdio.h # 
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— AajJaLj^il <Luj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


<include <ctype.h# 
;[char lexbuf [BSIZE 
; int lineno = 1 
; int tokenval = NONE 
int lexan 
} 

; int t 
} (while (1 
; t = getchar 
( 'if ( t == " | | t == '\t 

5 

('else if (t == '\n 
;lineno = lineno + 1 
} ( (else if ( isdigit(t 
;(ungetc(t , stdin 
;(scanf("%d", &tokenval 
;return NUM 
{ 

} ( (else if ( isalpha(t 
; int p, b =0 
} ( (while ( isalnum(t 
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— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


;lexbuf[b] = t 
;t = getchar 
;b = b + 1 
(if (b >= BSIZE 
;error 
{ 

;lexbuf[f] = EOS 
(if (t ! = EOF 
;(ungetc(t , stdin 
;(p = lookup(lexbuf 
(if (p == 0 
;(p = insert(lexbuf, ID 
;tokenval = p 
;return symtable[p]. token 

{ 

(else if (t == EOF 
;return DONE 
} else 

jtokenval = NONE 
;return t 
{ 
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^> aC " / A_ujjAa /^j\xl\ 4 u 1£ — (jAull Ajl-gL^. 


{ 

{ 

A_S j^aJI jjjjpjj j (_£A 2 >jI IjSj laAle iijji.'JI Alik aal ^2 dji A (JIa. ^ j)l l->~vl/Lj A'n-s 

Aliaallj ^ajL ^jai'il A_S jjau ^jaVi (ja s.lgiil'JI Ale. J lexbuf m jl' (j Jpaall (Jill Ajaajll jl AjAaj'JI 

dlaKil C5 lc- djl^J j^ajll J jAa. (jV j lookup A-Jaa.ll ^lAilaolj j^ajll J jAi. (J^'^ Ale 

Ajta (JaLaiij ^gJLilljj dl^pilall A^.lj (_jaali ^au^l Ia& j)l ^ajaiJ (jl Alii AlLaiil Ala Aiil o^j;-N~\all 

^gj] AlSlLjal ^jj (Jj 3 (ja ^)gJal j AlliS. (j£l ^ U) Lai Ailllj (j.-»l A (J ^jlAa IgJ A i*\l"iqa A aK All 
Aaji Jlaujl ^jj Alii Ale- j Clll jjila]l A^-ti ^aul All jliiel ^gic. insert Ajlae alAilml j Jj^ajll (J jAi. 

tokenval s- 1 ' j^VI ®-^j cP) jj ■* jl' Jj-^ aL^ jj*iial' 'ig-? o 3 ^' (_>j j^ill 

. J-l»Aai ta.au I (Jiial i Sj^)iJI oAA jji AjSj La Alli£ j 

Ajll^iall J J*A' 


LEXICAL ANALYSIS 

^jaiall AjlaC- _ ]_ 

(Jatalill ^ajj A iqj-»ia iAjIa^. j I g la (JKjaul ^).V^ia\l ^-“tl^jj jja i S j^pw op-l^jS _jA Ajll^iall (Jiia AqiJk j (jl 

Allll^jia Ajll^jiall (Jla. ^ lgjj£j ^giill Ajsiaiall AlllAa. jll oAA j ^aujlall jja A-illllI e.l^au'JI <_gi 1 g » a 
(JKAuj AalaC. Alllljia ^2 i—Sj^paJI (JjKjoU A jlae AjAuj j ^calljJI lg-j pjjlKall Ailll (Tokens) 
Ale- A. iml lalt jl jail ilill ^ J)l"nul ^^lill J A j j-Jp. iVI Ailll (_ta^ (_^A^.I ^2 i" )\ aK AjjA i— Sj^pJI 

_1^j 3 Ae._jaiaja]l A la'Nil (jtlau ^a (jaula lAll3«-a jjjSJ A aK (_]S (J ^ auJ 

ji/i\ ^1 j ^glill AllljLiJI ^-1 _jll Ai.lS tall^ A-iautaul jauatlc. j; C. ojlae ^gA AjlI (_^l Alllj^jiaj 

o^A*a ^l^jll ( _g.a.uu'i <_ 5 ^l ^1 ^l^H (_^A j ^^]l j)a JlA^-a JAc- ^2 lAAk.tl jjl j)Saa" jja <_ 5 ^l ^}^l 

^ cr^ 1 j^' aA^j (Enumerated Types) 


typedef enum 

{ ,IF, FOR, WHILE, PLUS, MINUS, NUM, ID} 

jtokentype 

C5^' IF ji® 6 jj^^a'I u"il a\S\l Ae. ja\a jjaual Allle ja\a oAc. ^gi I g AllauaJ ^jj Aiaa^jJI Ail AlllA^jia j 

J PLUS A n>ilj^)]l jj-a^)!! (_JiLo AaaalkJI jj-ajll tc.ja\a (Jaaou All jl£j "jf" 1 l3^"^ 1 g LlLaJ ^alu 

l ^ ill al ^alu ^^lll dllA^jiall Ae. ja^a (JaaoU Ljajl j _ "-" j j \ Ijial ^alu jjlAllI MINUS 

aIAc-VI j Allli^p-all (Jiial ^^iill J NUM J ID aJ- 1« oAAalia i Sjj^ (JjailiLaiJ 

AlllA llliLa3 J g Ijial ^^ill 1 S j^aJI jyJj 1 g ±u AA^alll ^alu jjl ( )-\) A yil-aia A1 iIa^.jS dllA^jiall jjlj tajaC- j 

(jllaj Asa-Aal j A3^alll oAA (jj^l (_g^lj SA_^4all oAA (Jiial (^giill "jf" 1 S Att J IF "il^pall jyj 

(Jlia A^.1 J C_illi IgJ (jj^j Allll^pall (jauuj (Lexeme) oljiall t_Jla oljiall (Jiial J^giill i—SjjaJI ^gic. 
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AiljUC. jaC. / jl-lC-J — 4axAalj^}il AjjjXa 4uiS — ^j-jluil A x x,\. y 


lg_) oA^PaSI Jjj aj (jfLaj ^^lill jjA AA^a jjc. AAc- dlA^pAll )\ A^.jj 1 Aip o^j'V'soll dUalS]! 

Jalili^V 1 jjA Aj V oA^Pa]! (JlLali ^^41 1 9 j^pll jjSAj (jli ejp'l/l 4JLaJl oAA ^3 j dli^pAll j (JlLa 

*141 (Symbol Table ) jj* jl' Jj-^ Jj^ ^ ‘-djj^' aA$j kTpi <p ji41 jli ^44 L$j 

(_]£ JLaJ ^^41 1 ® j^pJl oAA 4 aj 3 j)li La_jaC. j dlA^pA^i (j4^j (J^Li. dlA^J ( _g4l ^jaaII 4 JaC. 

CjlAji-al] j^^pi (Ja all Apjj Clip. oA^AaIIj Jojjjj ^41 (Attributes) (j-ajl*-aaJI A^.1 jiiaj eCjia 

jjA 43^plLa (_J^.I^)a (JJ/ld. 'LiLdaVI oAA t'lh’i dip jjA^)]l (J jCp (_^9 oA oA^pA JS1 IpiLdal ^jj 

.4pjjll 

jjA (Jpo (_5-^j (Ja14jIj j-d<aAjl ^oaLj^jj (Jj^pj l ^Sb dlA^p4l oAa. j <tp jjl jjA ^C.^)ll ^^Jc . j 

^3 (_Jj 3 jjA CUa IjjSa LaSi j t4lc. t'lh j (_j4l LajIj oA^I j sja 4ifa dlli La IjALj jjfilj djlA^La]! 
^4 sja (_]£ ^3 oA^.1 j oA^pA £-lpjl_j ^jSj pl^jC-VI eApj ^SVi dl^lj j dlAjiall (JliA (jli <4141 eApjjl 

:^4i 4jJ ^ J14I Jidli 4kb (jS j^aj ja\ 4i4i jli J^Lk (JA 4_jlc. Aid lg_j3 

; (tokentype getToken (void 

di^La. A a]I l. nn~\ <4141 oA^PaII £-lpjlj ^_pj Lg-ilc-Ald ^4 IaAIc. (JjjLaJI (JSdJlj Ai^p-all 4qiL-»j]l oAg3 
4 -LaIa ^^ic. 4qiL-> ^j]l oAA V Lille- j oA^PaII oA^J 4_i3LdaVI >^tn!I Aj.W'n LaS L^jA] 

Jap j (j^p^ cs^ cIiJiL^aaII oAgj hq'i-v'i \$ i£J j (Parameters) diLpaa a (JSjoi ^ 4 ejj^pJI 
^aIj jj 0 jid ^3 JLJI jJaxoJI i_pj (jAal jjsIj Ja*j getToken ^A=> j u!^ JLlaS j (Buffer) 

IjA^saJI 


a [index] =4 + 2 


^JLJLS dj^LkAAi] Japj (j^pA ^3 4jj^pj ^ ^j^LoJI djJlLkAA]l ^paaji j_jl ^pa^pjj 


^Lidj Igjli getToken j «-Lc. aIaI Ajj«3 JLJI djJ>Li.AA]l dja ^dajA J] ^ m\l jidi dip 

L- JLqS "a" 41 1 sja 1 s^plillj ^ dJlld.AA]l +4d Jail 4jtjjSn dlliLuiAll JLaA] (^Jl 

^ jp'i > a 43jJa_j]l (jli CHa] dli^p-all Ar^L/ ^jaI (j C- ojIaC- a J lall lAA j .Ca.1 j i S^p^ j ) a (jjSlu oA^Pa! 

: JLiK Jap jli d^LkAA]l (j^pA dl^pjj oA^PaII oAA p (j £• ^pd I D 4 Ap\l Ipjlj 


(JA _pJl 4jdi ^jic. I—S^plii] dljJaaJI (_pij j'jSj ^JJ getToken ^iAia^j] (_gJljJI s-Ic-AIaVI (JJlLk j)A J 

. JaLSJIj dJlldAA]l ^)JajA dlA^pa (_J4aA ^jj jj] ^^Jl Ia^Aj "[" i 9^pJI Aa.Lj 

4 aI-VI'aH dl^pplJI 
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^ac- / 31.1c- j — 4 _uj_j3a /^jlxl\ 4al£ — AjlaL^. 


3^Hy ^-aUJI i—JI jSll (JjiLaj ^jL ^_a (Regular Expressions) ^Ividl t d! jjp«31 jl 

.1 g at a JjAlaJJ t g3l 1 ijjill Jj-j'X-j As. j.a’Nxs 4 (_]xl^]lj Ali^pj p . la 4 1 ^ (_JS j i kj^pJ! 

.lajj V j |_( r) j j-a^jllj 3*3^ J ~lVi<31 ^j44*31 11a jxs Ia.1i 1 jj ^jj ( _g3! <illl ^g-adi As. j.a’N^ll oik j 

^VHm ^ j AjaiuU i." il » 1 jV! jV dlH j 4 -s-a^ll d il » 1 j A .alVi loll dl^)m'i\l d il » 1 jj4 a4.1a. ^ Aiil/lc. 

<il jH La^xsC. j .Hlll3! S-l3?*‘'^^ C 5 ^ dlH ^glc. 1 kjatYnxi Lafs t<_a-a^)3l d il » \ jxs 33?^ 33 C 5 ^ V) 

(Alphabet) dLl-lal 333 ^^3! j^xsjl' J t — ® Ac. j.a->.a ^glc. jdSl d. ^gll AxsliJ ^aJailLa]! JJ4*3I 
(jl dLiAajI j ASCII 31 a jkd 1 g La jjfuli t g3l i k jjall 33 d jl H ja. 3'« J ‘-uj 3a 131c. ( _g3l j Ajlll 

.^gjljLxs o^C. dldlll .la. I dH.W 4 1 i Sjja (jYs» 3 jjSL: .13 j (Laaiui ) ^ ^gjjjlUl jxsjlH IgJ jxsjj Ail 

.13 Ldail J alduaj i kjall 33d jj4 A3 jk3l i. ia i 1-l^J .^3aii3l jm'ill 3dH l^JtSjxs L. ima ^gic. dll 4 j 

^ Jc. (jjlla-i d.p. j-p»3l 3dH A >.3 A dW-i Igl j_jli (_?3! 1 Sjj3^ (jYs» ) ^^ic. ^JalLall ^J44a3l 1 

u< a > >»n jl j3aj V ,*i'jl' ^ <-i jj^l' o3a j (Metacharacters ) <3j' 331 <-3 jj^ll oi* 

jl aIj^^oj Ig lij jjjdill L. laj 3sVI ^glc- jl Ajtl ^$1 diCdaji lg3c- 


A xal-»"i Lall dll >UJt3l i ij)*4 .1.2 


jxs IaAjI jj j3aj t _ s 3^ dU3l ^jial ^)*jjail 313a. j-a 4-alalLall Clll^)ll»31 ^jjajJoa i k^a^j jVI ^ j)9 1 > xi 

Ac.jxa’Nxa i da _jj l-lllm Clua 43lida C 5 ^ dll 4 i S jja j .dl^idill oliA t_3l j2 jxs t_3U 3^ 

3 jj ^^ill l'~! ilxaat 11 i daj 4jL-aiia j-« jj^u <^31 ^JaJjoull 4dalLall dj'^)m'l\l jxs 

Ha ^^3 q'iS i > ii j .4 nd>lj^)l' djl^)ii»Ml ^-a CllJLa i LaS dllj j A xi'ilqll djl^m'ill j-a oAjAa HalalLa dljjjjij 
4_LlxjHj 3 1 <3 jVI 1 9 j^pJI J dll llxm 11 ^glc. JaS3 <_j3l ■dlalLall dl^idlll j-a As, jxa'Nxi 3^3 f.3 1 ?^^ 

_4 - 3alLall dl^n*3l jxs As. jxa'Nxa i Adalm ^^lall a-3?^^ (3"3 J 


4 jajj^ull 4 ,a)-Yi 'ixall dl^udll 1.1.2 

^jjl Jajj (_j3^ 'dll! dddaji i S jja, j-a o3^)La < 9j^)a. jxs Ja33 j^jfLlu ■‘LalalLall dl^j44Jt3l jxs ^_j3! 13k 

i s^all ^xs JjjllallJ 3 ^JalLall ^J443t3l jlj ^ 3j, W \ $ I I kj^pw. jxs " 3 " * kj^pJl jl (_p>^)kj .1 g d ^a 

\ jLl 4jc. da 13k j " 3 " 

{L(a) = {a 


^J44«31 ^ddau 3 > jll .■dalaJ! d^l-al! (jd3U ( _ s 3 l xag xaH-y'nxil jlH^J dliiA dllj ^glj 4iLd^/H 

djja. Hi! ^glt (j jldi V ^1 <L3 j 3 ! ^a j (Empty String) ‘-kjj^ll j-« <&jlil! <13x31 jc. 

\ jH dllj jc. ^>443(31 (jjLujl) C > jib lg-1 3^^ da. 


{L(£) = {£ 


jxs^jll a.lalui4 d 


i ua . a 


jj^pJI jxs 3^11^ L^l ls^ L^jdaj V (_s3^ Ac-jLkl! 4 j 31I 3La _jA (jjl3! J 

\ ^gll LaS <illl o3A i—kj^pj ^dj dllj ^gi 0 


{ } = (L(0 
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jiiljuc. jac. / jl-lC-J — ‘UjjjXa 4ui^ — JaLull A x x,\. y 


Jc. JaS3 (_5jl id ( _ s l^ 4jtlll Jiaj ^1 jS/ 1 4lLall (jV (jJjajLuJI (jjj tiijS tlSljA (jl 4 1-»*\1/La c_ipjj 

i S jj^ll 3*® (jl t _ 5 -ic- (Jjiidl ^ 4jtlll ^jli 4 Lilli ULaJI ^3 Lad i S jjall 3'® 4i. jlill 4jjaaluJl 

dUHI 3"® ~v (j^llLaJ LaAmi (jlj Laj/iC. j 4£.jllll 4-Lulull V j 

4-alaliall dl jjjailll dLllaC. 2.1.2 

(jjll j JjIaII (jjj jLid.nL 4 i.ol -n ^1 j^M 4_iLajtll |4-ala21all dljiiaill 4-jmLml dl i\.aC. 41311 3 ^.jj 

4 ^ j^. cs^' cAj (Concatenation) ^-^L ddd 4dliiJI ^iksJlj "|" djdLlgJ Jpjj 
l$l 3 ®jj cs-^' J (Repetition ) jlj^ilL 4 fil d 4lilllill 4 j\x>» II Lai 4JilaVl 3*® dlnn LaS ^LiilL 

^»j3sj 3^^)^ 3 fc Llll J dll ;L» II oAgJ 4liULall 4g. j.a’N.aH L. n^ljj 3*^ ^ L»» \ , n j "*" ^1 j3 1 1 SjdL 

x .a 3j^ 1**"' C5"^^ dUHl 


Jsidli 3 ^ jCilvi : Vji 


3-« 4li.3i.ti (jl £-a 3^ Jaj 1 (jill ^aJalLall jm'lll jA f | S 3^ 3 ^ ■'®-^LLa 3 '^JJ . 1 *' 1 S J T 3'® 3^ 3^ 3] 

3 -« lA 3 j 1 jj ^jj j^ill distill jj S p L'i'i nil jm'ill jl f ^iadall jm'ill Lai 3^ l **" 1 1 Sjj 3 l 

jm'ill La jAj S J T 3 C*lalLall 3'.JI.*' 1 " ls^*^ 3ldl] 3 *® 3_9^“ r | S ^lali-all jm'ill 4jtl 3 L Llli 

LaS 4jc. 

(L(r | s) = L(r) U L(s 

I 3 I ^ 1 st «aj b j' a 3^3^' -^1 )*i‘i j 4jli g | b ^adlLall ^jmMI JLLall (JjJjoi J 

{L(a | b) = L(a) U L(b) = {a} U {b} = {a, b 

4 £.jH 1 I littiLlI jl ' 3 ' ^jA d ^.1 j I 3 p 3 j^j - 1 C 5 "^^ 4 l...l .,.3 ^a 3 ^ 11*3 ■‘Cits a | £ ^JalLall ^) 1 J»MI Lai 

:u' t 4 *-^ ^ ty^ V ^ili 

{ L(a I £) = (a , e 

jLiii.Hl daii 3^1 j 3Aj-^ 3W (_gic. laia jjdili V (Jlldll 3 ^ 4jLaC- 3 * ^-IdLLa ^-a 

;niLa3 3 Aj-^ 3 ^ 3 ^j 


{L(a | b | c | d) = { a, b, c, d 


jjm'ill niLa3 lilll 3& jjp'ill adlmJ 33 "" 43in!ill Jallill 3 ^ (Jlldll 3 ^ 4-ajllLa 3 Ud ^ j 
' 2 ' Sjit 'a' ( — i 3^ ojjdiall 4j3pj^l dljjall 3-« 3^^ j Z | | 3 | b ^adlLall 
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Compiler for msc of cs 


jiiljUC. jaC. / lIlC-J — 4^uj.la 4ui£ — A x C. y 


\ ! LijLi 

^i.ay £-a jgj i j rs ^aliLall ^jmML <■ . il£j (_£Cll J S J f ^LaJaliLall (jjj ^c-a-ill 4-iLaC. j_jl 

A ill Ml J r ^JalLall ^.llalill )->Yi jVI 1 (j-a ^jjjiutiui ^-a-^ (jC- 4_ajlill i Sj^aJI (Jjui^Lui 

Laiu "ab" *— j <LiLo iaia JjjUaJJ ab ^JaH-all jm'iti iLlaS S ^JajlaJl jm'ill £-a JjjUaJJ 

La£ Ajc. (jfLaJ La j "be" J "SC" 1 ^luiLoi £-a JjjLLuj Ajlj (a | b) C ^Jsuiall ^li*j]l 

' ":Jk 


{L((a | b) c ) = L(a | b) L(c) = {a, b} {c} = {ac,bc 


(ji 1» .a j ^jjAJallLa (jj jllxl ■‘LiLaC- (j-ajJalii (jl j)£-aJj 


(L(rn (rn) = L(rl) L(r2 L(rl r2 


jl jSsll : G115 


JjjUal] Cilia, r jaJalilall Jllxlll i _ g lc. jlj£j]l j f*P *■ . ^glill j aJaliall jiiatli]! jljSli A jlxic. 

£-a jjAlaJJ ^gj]l i_s jjaJI (Jjail/LaJ AljllLaJl ^-«cll CllLilaC. qa ^g'n-a CCc. (_£ I £-a r*p ^aJaHLall jlj»lill 

Ic5i& j "aaa" j "aa" j "a" *— (Jjoi^Loi ^ jjjliajj a*i ^JaHall LliLaa p ^JalLall jjj»ii]l 

^ j) 9 1 j. .1 JxCaal (JS Cl j jlj£j]l A i\.aC- ^jjCajli] j £ i Sj^aJI jj-a As. jls]l <LaiLai]l ^a Ljaji (jjl Jai j La£. 

i S j^jaJI (_Jja>I/Lai jj-a As. jxiyxi ^^Ic. A i\.a» \l (jiaj a l^a.] jj-a l&cJjj j)£-aj Clllilll ^^Jc. l^-sl^^L 

Ijli (Jja)I/Lai <C. J.a-N.a ( _ y A S (j^ 


s* = { e } u s u ss u sss u 

l(jLa jl 


<iLj& (jli ^LilLj So = {£}i u' ^ cjl^l (j^s n S S -J 2^' Sn 

j_jL / 1 (jS.al jl^jSlJI 


*(L(r*) = L(r 
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j bb j a j 6 <— sjjaJI Jja)!>Lo ^ ^lld (a | bb)* u!^ J^' j 

u^j l* j* j 'a^aj aabb j aaa j bbbb j bba j abb j aa 


*{L((a | bb)* ) = L (a | bb)* = {a | bb 
{ ,£ , a, bb, aa, abb, bba, bbbb, aaa, aabb, abba} = 

^al A^-b— il ^ dll Aajt ll dLi^l^l 3.1.2 

■Alibi 4 j j] jl AjAsA: (j-a Aj V 4jli a | b * L&-« ^JaHall jjjajll ^ 4_ilae (j-a jliSil J ji. j AjUi. ^ 

A i\.a» \ 4_i^j] jVl (a | b)* djl£ La£ (_JjIAj]I (jjj ~j\ il^N/l 4 i\.a» 1 4 j^j] jSfl (j_jSu (Ja j dll ]l 

La-a ^dall La£ (jjjlLaJI (jjj (jjS lilliA £fUli a | (b*)j (jlj jlj^jll 


{, L((a | b)*) = { 6, a, b, aa, ab, ba, bb, aab, aba, baa 
{ , L (a | (b*)) = {6, a, b, bb, bbb, bbbb, bbbbb 


l^yiJj 4_ila»J 4_ila»J 4 j_j] jl ^^Jc-I U jlajt ll A-llli] A nn illj jllia-all (jli Laj^aC- j 

A.,u.ai]ljj ajl ■ all jA ^llill jjjoiSj]! jli JjjLoll (Jllall Ajjdllj 4jli JUlljj (JjIaJI (jjj jLirkVI 4 j\,a» \ 

a jjdj jli ab | c*d jjjxj]' Idjlj a | (b(c*))i uj^ 0 jy^ ^ a | be* jjj»j il 

ajld-all dlijl ijVI JJC- dlijl jIj dlilaJtJI Aiili] ^Idi.'il Ajc Ajli 4-ale. 4 q..oj j (ab) | ((C*)d) UJ^J 
^aJalLall jm'ill ^ (jjl j3^l alAaJLuil ^-\jLa3 . lAgj (jjil j3^l alAaJlml (j£-aj 4ili 

jm'ill 4_i...j]lj (JLaJI (jdi J ^-aAll 4jlaC. (JjS (JjIaJI (jjj jldk^l 4_iLaC. Ajili cdlj j j(a | b) C 

jlj^ill AjlaC- (jjjjoii (JjIaJI (jjj jLirkVl AjlaC- jjjljaVl ^lAaJlml ^2i da. (a | bb )* p^Ti-all 

£-a 4-alalLall dl^)i i»Ml 4 nn illj dl ll A-lili dLi^j] jl jjxj cs^ (_>al jjA (jJJ AjLouII (_£ Axs 
_4_dalj j )]l dl^)lj»Ml ( _ ? 3 4_ul_uiaJl dl ll Alijj dLl^j] jl Aj ^»jAl 

A-aJalLall dl^lldll Ajxsdi 


(JSjj (j-a l~»mn Aj^jS] lillj j A j Vna.a\l (j-« A-alalLall dl Pjxjl] a-Lajoil a-UaC-l l-« IJle 

AjS^all 4-alalLall dl^)ii»MI ( _ ? 3 4— aldj 4jlj aJalLall ^jij»‘i\I (j-a Vaj ^joiVI ^lAidal ^jV ^ialLall ^jijatMl 
^j]| 4 ~n i~s >^>\l aIAc.^U ■aJalila aIAc-I Ajc illLa3 ^JalLall ^U3«j]l alA^lLml j AjliiS 4_iLaC- (j-a (Jg m] 

)4 4jj^k-i3 ^3 t _ 5 ll LaS (j_9^) ^aJaliLall ^jij»‘i\I (jli 4j^)d«JI ^lij^l (j -a 4lmlm ^j-a (jj£uj 
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9 I | 2 | 1 | 0 ) (9 | | 2 | 1 | 0 ) 

; (j£Jj 4jjjoi*JI .lajVb (j-aldll -aJalLall ^jail f.llaC.1 Aje (jSJ j 




Compiler for msc of cs 


<LujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


9 | | digit = 0 | 1 | 2 

LaSi ^_b-^ajl JjjLoill ^aialLall jjjjbll AjL& oJllc.j (jxs (j£^aj digit ^aialLall djjxjll bllL j 

*digit digit 

^ A Kb.all (jdj j)^l _$ ^aialLa]l ^jjxjll (JSjoi (j-a limn AdalLall al-lkiml (jl (j-a ^aC. ^)lbj 

11a 1 g La (jjfbj (_ 5 ^i 1 SjJiJI Ac. j.a'N.al ^-Q-JI AjLaC. jjJJj ^aialLall ^)JJjbll ^ajoil j)JJ A3^)iull Ajj» . .o 

.^-Vl 

( daj »l bcb (JllLa (J£ ^3 a ^jkj di-s. A-aJalLall dl^JJxjll A-iSla-LaVI AllLa'JI jj-a Ac. j-aa-a ^abLi jjVI J 

La bile. ^^lill A .ag xa\l ^A j aJallLa jjjjd (JSjoi ^3 l^iLa^jj (Jj 3 l g IlLaj l_]jU-».all i Sj^aJI (Jjoil/Lail ^ ..o'i 

^ajk (_£.L1I Ailll db^)La i SU*aj £.a_lC. AjIc. £3j (_£.L1I J dLaaa^jiLall AjLifb ^ajk (_£.L1I (j^A will A^ljj 

A uni lb JbJl ^jA Lab ^aJaiLa (Jbb ^3 l b«a_jll ILa ^ajj La bile. l"n*s l^J (j-albll ^a.^)!Lall 3l«3c.b 

_A .alVi i«all dl ijjxjII 

1 JllLs 

; ^Vlb bb d j ja. Aiil>b (j-a (jjSlu A laJa-al Aj. W jl (jJajL 

{a, b, c} = £ 

Sj< b d_ja. ^gJc. t» )<a> (_ 5 jib j Ajdj'JI oLa (j-a l^lid! ^jj <^1 dj^jjaJI (Jjoilkai Ac. jxi-vxi (jl j 

^aJalLall ^)m'ilb l g 9 > ^-ij (j^-aJ Ac. j.a'N.all oLa jjl daj kllaJI oLa Lib oda.1 j 

*(a I c)*b (a | c) 


jj-a (jjjl i S^jaJI l L a (jli -JalLall jjjjdll i b.-Vi l«a ^3 b -11 i S^pa. Li jjjs ^aC^)ll ^^Jc. Ajl Li*sl/b d 

jl^jSi (jli l-l^J j jjjjdll I La (jxs l^il q'i i'll l (j^-aj (jLll I S j^dl (Jjailkai l ^3 (j_5^J (jl jdll 

i S j^)dl (Jjailkai ^ba 2 kj i ql'iAo dl^J-a dAa-1 (jl (jSLaJ b -11 1 l 1^3 £ _ll j g _ll 

;(jjLoill ^aialLall jjm'ill (jjUaJJ AjlLill 


b, abc, abaca, baaac, ccbca, cccccb 


2 JULs 


b -II i Sj^ l^jbj i Sj^)dl (Jjoilkai Ac. jxi-yxi (j^l J (JjjLuill (JLLall ^^3 ^^Lll Aj. W j V I (_>a3j 

^alddaib jjl (jS-aj ajjb.'Ll Ac. ^aia-all oAgJ ^ialLall jAJjbll (jli bllL ,Vi»3 jliS^/l ^^Lc- o3^.l j Sjj 

oA^.1 j o^al b 1 9^)dl l^JS jg bi ^1 AlUJl ^A j jjjliAj 3^.1S (j^l j (jjLoill (JLLalb (j^il All (_Jdl (_>d 

(jli JLllbj ^jb.1 (JjAjS ^adboiJ ^g | C )* ^aJalLall jAIabll (jli l ij)d! ILa la ^aAC Alba. ^^3 Lai 

| t _ 5 Jj LaS (j^fb 1 (JLLall ILa l S j^)JaJI (Jjoilkai Ac. j-a2a-a l dsajj (_jLll ^aiaLLall jAJjbll 
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Compiler for msc of cs 


<LujjAa /^jlxl\ 4o 1£ — (jaluil AjlaL^. 


*(a I c)* | (a | c)* b (a | c) 




*(a I c)* (b | e ) (a | c) 

dlljjjxj aAc. AJa-ml ^ IaAjIjJ (j5Laj Ailll j_jl C5^J ^ -ag -a ^Jataj ( _ S JI Lj^jk; (Jl!La5l lift (jli 

(Jjail/do i Lusa_jj ^^51 A ,a5-»"i La]| djI^JjdlJI Jajoui ALajj ^jl^a^l _jASJ La yaS. lliSJj Ailii^a A xihVlxa 

.AjlUI \ g La jjSjj ( _ ? !i5l id a 

3 JLla 


^^3 b _5I i Sj^ ^jg Jaj { 3, b } (j-® 5^jjjfyi 1 a j^pJl (J^Lui (j-a A.C- j.a-v.a (jdj^jij 

| A_llllSl i a j^aJI (JlLa cd5j j djl^a5l (j-a (_£ jLdLa 3 A*J g _5I i Sjaj 5al ^ j j_jl ^Jc. aA^J j a^/s lg_La 


,b, aba, aabaa, aaabaaa, aaaabaaaa 


a,^ i*s^ 51 A i\.a» \1 ^jV cd5j j A .alVn.a'1 djI^iadiJI d’lA.'u J \ 1 g q>^i j ^jfLaj V As, j.a-N.a\l aAg3 
£g]aiuiS V Lijli g*ba*i t -»5vii.a\l liaAiALail Ia]j jljiill diljx 3AC. AjA^j IgJ »j \ 1 g£ld 

A*J ajI^jSj dll^a AAc- ^a (_gjl uni (jl Aj V b -55 1 (_Jj 3 g _5I t jja. jl^jSu dll^j-a AAc- j_jl Ja^jjdu j_jl 

lgq>^i j (jSLaj 1 Sj^aJI (Jjoi^Lui djlc. fjA-\A •% (jJjl j_jl ^Ijjluil « j5-»‘u.n (JllLall lAA (j-a j b -55 i a^a. 

Jj5iaj Ajli Laj-aC- j d ll S. j-a> <a\l aAA (j-a AjA*JI (_gj'iVi A -s.a^)jl' d )\ » 5 j A-aJalLa]l dll^n*j]l ^lAiduilj 

Aji]l jl As. ja^all L_is] A-aialla djljjjdl i_JSjoi ^^3 Igiusaj 1 ® (_Jjoi^Lui As. jx|-y<a i_s^~ 

A^a^lll d ll a» ' ^^3 A-aiallla JJC- 1 (_Jjoi^Lui As. ja^a jiaj j (RsgUlaf SGt) ■daialLa]! 

_djlii]l aAA djlj^)La i_iaiad A_jLa& A^.ljj (j£Ld<ul i. - lx >^il (j-a 

4 JLla 

,_ s -lc. (_5jld J V (Jjo)I/Lu]I aAA ^jlj ^ = {a,b,C } LP (jj^ (_j-a (Jjai!>La {_yajL 

Lai <JsV' ^jic- 1 < ag n; (ji Aj V b -Jt (j-a (jjSjik (J I (jji ^IjIIjj b -Jl *— (j-a (jjJlilLa 

(j-a (_Jjoi^LuJI cdtl i LusajJ ^All ^aJalLall <iljj ^jiaAioU AjLiJl aAA ^S3 £ _JI <• Sji jl g -51 1 SjJi 

<^15j j b -55 1 A*J C -55 j5 g -55 _JJ$ 5a (j^idaj (_5A5I lAdJ j (_J^5 j )-a aAc. 1 a JJ^55 

^JalLa]! alA^imlj 


t ((b (a | c) 
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Compiler for msc of cs 


jiiljUC. jaC. / -Sl-iC-J — I <ai£ — ^j-tluil A x x,\. y 


b Jl 1_SJS>. l^ja V (^ill CllVLiJI jjjUaJJ (_£i]l ( 3 | c)* jJjaCjl <1 (. jjjJaj lilB .Axjj 

La£ ^JalLall ^.liJt.111 jjlj ^JLilLj i Sj^aJI Almlm ^yajJa 


T((a I c)* | (b (a | c)) 


^ u^-ii' A la A ■ ‘i ,'ibuaj jjjLaJI ^JalLall (r | s)* (r* | s*i)* j^*Jll u> 


"(((a | c) | ( b (a | c)) 


I^^JLJIS jjjfLJ AlhLi£ o^lc-l \ >>iil (j£Laj La jSh j 


*(a | c | ba | be) 


Ajla.. (Ja^j Ajfi] j |} Jl i Sji. jj-a jjJLiLa jyS^jJs. ia jAa.VI ^JalixJI ^jmMI ILa j 

^JalLall jj^a A.JLJI i Sj^pJI (JjoiJ/Lo) (Jjlilaul j)£-aJ V JiLfLaa b -Jl 1 ^ g J Vi ^^iJI 1 Sj^JiJI 

: j^Vi 

,b, ab, cb, acb, cab, aab 


j)li^) 2 k A^.jJ V JUSLj a. 1^.1 J o^)-a V) b -II 1 ^^Jc. Lfj>' ] ^ k ' ) V (JjoiJ/LoJI oJa (jl (jxs ^C-^)]l ^Jc- 

A j. jl g j ^3 ^ jLiikl £ j^. (jjLaJI ^JallxJI i ajjJaj td]J ^i/ii j i S^aJI IJa jj-a (jjJLiLa 

" LaS ^JaiLall ^jjjxJll j L^_jJI jLJiuJI dl'^L^JI oLa ^ iait J 


(a | c | ba | be)* (b |e) 


(jjSj La-lic- _jA J (jri^» \L AlAj£ (j C. i Sj^aJI (_Jjo> 2 /Loi (_>a 3 j -JjJ (jl j)^-aJ ^li.VI jmMI (jl A L)^b LLa £-a 


"(b | e) (a | c | ab | cb) 


l^jJjLaS jjjfLJ AjjIjS o^lc-l I jJajl (jSLajj 
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Compiler for msc of cs 


3-00 / <LujjAa /^jlxl\ 4 u 1£ — (jaLull Ajl-oL^. 


(notb b notb )* (b | e) 


_jm‘lll (J^lA gLa.m ^/1 JUa cJIa j IHOtb ^ l-am'llLl 3 | C f-j 3 t 3 ' ^ > -ial » "u a V 1 Clbali 

(jic. ^ApJ^I 4 _i3 (_£ j'iVi djU IaI La <ULa. 4 -y j L. 1'y‘nn.all gl^a.VI _jA j Jaiamll J3 3® ^diJI 

.1 S j^jaJI 3 ® JJjS AAc- 


5 J^Lj 

Jjail/Lai jaya ^3) Jj-a jJJ ^ (ji ( 3 C - ^vL»1 La ^m‘i ^jAali ^jA j (j.i^ai \L a j’q 1 > a jd,VI JUJI lAA ( _ s A 
{3 , b , C } 1 J-ajoU 4jJ]l oAA 3j^2kjl j)l 3 3 3 l$ lAA 3 ® (j£-aJ 3^1 1 

■ JUU rl& JaSiJI rnJI J . 


*(b | c)* a (b | c)* a)* (b | c)) 

1 s^p». 3® cs-^J-j AAc. cs^" lS <3^ 1 (JjoL/Lai 3® 3^1 4jJ]I Jjj ^jmMI lAgA 

^ii*JI lAA 3 ® ^paj^l g j3^ iP J^A ^JjJa jJ j c Jl jl b Jl 1 g ill jl 3ilLiLa gl jjoi 3 Jl 

l ( 3UI g^3l 3® (j ) 3 "^^ j ~ Li**' < a\i 


b | c)* a (b | c)* a) 


(ji c -^1 ji b -Jt 33 3 ® a Ac. (jlj Jaiia jjLij-a 3 dja. 3® UJ^- 1 <3^ i— aj^pJI (Jjail/La Jjj 

ji J*' a *— 93 H ^ g^Aijj 3 ^' Jj'J'JJI £-ina. ^ 1-I»J g J)3' IaA jljfuj 3 Jl ^J 3 *’ (ja? jt <-1 j 3 j3=^ 

1 ^j 3 V 3^^ d^bJl L»» < 4jli jja.'il a-JaJt bai jj i—S^jaJI lAA Alilj-Jt AAc. 3_5^! 

3 Jl l Sjaj l Sj^jaJI Jjall^Lal 


4-aJulJI dll^uatJI CllliLAaj 2.2 


3 ‘•"li’y dll Jam II 3 ® ( 3 aVI AaJI aA^JmJ 3^^ 'dlallJI dl^pptJI 1 J 3 A 3^bJI 3 Aal 

3 dJLac. 4i3ii alA^lml 3 s - 3 «Vl Jj-dial j 4ilidJI dlknlJit 3 ^.»AlaJI dl jlaiat 111 a-lajS^I 
dl jxmJl a-Uajl A jLaC. 3 ® S 1a> >-0 i Jasa i.'~ll 3* " °A^ ^lAadoil j_jl l A3 l liJ] j A Sjl mil aJiLa^/l ^jaa 

A >^>l -yll 4_iaLdLfl dl ila* " 3 a3 H 1 3 (j^t 1 ® lAgJ IaJjL 3 ^t Ifrhcajj 4-aiallJI 

oAA 3 a3 4 (j jLuC-'^l Aa.^/1 oAjA^. A ilac. J^J (_)aalaJI 3°^^ g I JaC. j ^-a 4-aialiJI dl^natJl j 
A jjdllj tc. jdu Jj-a3t 3^ aAaJmi 1 Sjjoi dVlaJI oAA j <Jc. i^k '\ a AAa_a 13 u3 dJLa^-ll 

_ dl jLajt II aJL 3 ® ^ ll^c J^l 


ji A^lj jIjSj 1.2.2 


p*j L_±iSj (^Jl J aJaHJl 13 jlj^J A jlac. jli 4-aJallJI dl jj-iatJI A^.1 jA r <j' 

3a jd (jj3 4-3*J °3 ^3 ^A^l AaJI (jl ^ i» a) dl^plt 3® 3^1 jl jL^i ojl^jSlu 
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Compiler for msc of cs 


AI.1UC. jaC. / 4I.1C.J — 4^uj.1a 4li£ — A x A ?i 


jjl 3 o.li .1 j a^ya _jA jIjSjI] ( 3 -^VI ^aJI (j_j^j (jl ^ 3 ) ^Liij (jl.ii.VI (jA »» ) (jf 3 j Alkali 
<illi (_ 5 -i c - 33 -a J Aijlsil 1 s j^)iJI 4 luAjiJ ^aA V J Al^ 3 l (j-a jliS jl O.li .1 j O^xs Al^a JA. 

^tujilui j( 0 | 1 )* ^3all3l (jli 4 Til SSll 3 aVI 1 <>■•■» il ^-»L>'i La ^-llaL 3 aI Aj 3 Liil 3 a A^ 

(J^Aj 4jjLi!ill 3 aVI l L.o j (j-a (j£LaA 3^J Uai. lift j ilijl 3 ^jic- |_5jliJ V .iA 

| ( ^i) La£ ^aJalLall (j_jf3 (jl A V 


'(1 | 0 )(1|0) 


3^1 J ' + ' 3»3W l^J 3 S A^ 3^ 3 a^3I 4_jLoC. 4ilAaj ^ i3!3 ojjjfl (jLii.1 ^3 t'lh'i 4JLAI oA J 

^aialLall ^.llAill l^al.^ilml (jSLaJ Alkali (j-a 3-3 J oAil j 0^3 (jj^J jljSjll (jl ^ IjlI 

I^VIS (jj£3 ALiill 3 aVI l 1 ■ s\) (_^ aJI 


+(1 I 0 ) 

^-sj^ 3 2.2.2 

(j-a A^>i. 3 ^a (jjUaJ AjA. 3) 4 .alVil.aH Al jm'ill A. I 3 A I Ac. ^lAA 0j3i£ AVA 3 

(_^l (j C- j**3] 3®J - 1 _9^ J (jjAj AJLaJl oA <3^ ^julalLall j l^Aaj .I 13 3^ A3l 4j' W jl i Sjji 

i Sj^i. JA (jjSj La Ac. (jf3 j 'A Alia (_Jjl Aj (JAi ^^3 4 j. W j' V I i Sjji ^la'N (j-* A V 4jli i s^ji. 

(_j I < 3 C - 3 V 3] ^AAuii 1 1 3\3 l — 113 (JjALoui (j^j ^ (j) *•. 1at >■*'» (j_jSL <31i (jli jjjS 4j, W J V I 

1^j 3 3 1 (3^1 1 * ^-C- j)-a>-a 1 AsaJ (_j3l ^aAa]! ^)11»MI VLLa3 <J,W;VI i S JA^ U^ 5 1 ®A^ 

1 ( 3 -; LaS 4 ALi£ (j^LaJ 3 ^ VI I^Z- aA ^.1 J oj-a b 31 A^)^. 


A jj^JI <jA> 3.2.2 


JlLa 4 ,alVn.all Al^iiAill ^lAi j Ac. 4 illTioll i S j^jiJI (j-a (_^As (3) ^LrA La Ulc. 

a (JSaII flAAJ .1 (jVI I g ic. 3^3 ' z 1 31 Aji 3) ' a 1 31 A^i. (j-a 'ij-j * >. Al 4jjiijVI Aj^AI 

j i _ Alia iil]j 3 s - 3 V 3 ] 4 A 3 ^I j ^^a^I (_>“! 3 *^^ ^AAA Li ]3 (Aa 3> ^ ^ 3 ja 3 ^ j | b | ... | z 

4il]l ^3 4 ja»jVI A j^pJI (jc. 4JV31 j>AAu Ja [3 zA @ Z ] 3^*31 (jli 4ii33l (jAiij [ a @ z 

^jjjjASI ^3 4ai33I oA (jl 4 )-»*\VLa ^-a IAa j 4j^jjoi*JI ^lijVI <3 C " 3 V 3] J Q 0 ] 3< All J 4 j3AJVI 

31 03 ^ filiA^' Aj- 1 > j' V I * Sj^)AL 4 >^il ill 03^1 UA^ LS^- AuatJ 1 Sj^)iJI (j-a (_^As (jc. 

'c' 31 Aji ajLtl ^3 ' b ' 31 Aja a^Ll 3 jL 'g' 31 A^)2k ajLtl (jl < 3*-«4 ^3lLa 3< A 33 ASCII 

.ILSa j 


Ajji 4c. jx|-v<a lAl La Aji (_^l 4.2.2 
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-Uiljjc. jac. / jljc.) — Apalj_}ll ‘UjjjXa AaiS — pLull A x x,\. y 


^3 AuApjl i S jja (JjIAj jpd jj-a i S jpsJI jj-a Abtuluil ^^1 ^l'i*s 3 j)LpVI J ^3 

Al at jlu.1 AitilLi Aj-aliJI AuApj^l u_ S j^p £pp jj-a Al V LJL^. LUa jp jm'ill j dlilll (_£Apl 

aAluj Ajc- l. i» . -o (jjSj p lAA jjSi] j (JjIajII 1 g i-aiAVn j_jl Ajpi V <_ 5 ^ 1 s j^pJI jl i s^pJI 

(Jjj^all ji ^gj*J (_ 5 A]I '■ — ' p\_>il ^lAV'n-tlu LUa jp pal xlm jj Au. W .iVi i Sj^p AAc- 

:<_pi3l | JjlLa] l jjpill 3lias Jj1a3I a& j - a> - al (Complement) 


(a I b | c) ~ 


j'b'-l' j 

lS' cs-^SJ - 


'a' _ll da jja I Ac- La Ailll dluApjl IpJc. j_I-aJ.Au i—S jp3l pa uijA. (_£ I j! £pp ^gjxu 

b jllLaS a Ax /n-t-a i Sj^p A&papjs pul j Ad j ( S^p £- a pa^)]l pd ^lAdiml jjSpj 'c' 31 

'b' 31 i—S^p IAc. La ■‘1*31 AuApui i_a j^p pa i—S^p 


lS j 31 LI * jp 5 . 2.2 


i S j^pJI (_Jjoi jLoi j_jl ^jjr-aj (_£jLiid ^JalLa]l pplll ?.l^pl Ad j)i ^Ldul Ajp aAuAc. d^/d ^3 

<■ L-o^ LlLaS AjIc. |_5 jJiuJ V ji a jpll lAA ^jic. (_5 jid AS ^Jauiall jjj»3I LUa pa I&Aj] jJ jjSp pll 

App-j. u3l aIac-SH ^^ic. 4 -IVaII a3Lu ojLaij ji App pa ojLail j_gjj^u as ^^31 App >^i'l aIac-SH 

j_jl ^Jc. Ldui (Jaj La pfc J ajLoil ^1 Lf j' 1- * 11 ) V AS ^ p - ^»tl AA*JI (jl3 LUa £js j Aj]L3I j ,£ Cip ^-all 

jls UU l3a ( L-jajJj ^ p - AA*JI ^3 Au^jl fi-yl ojLoiVI (jl ^ i» j La lAAj ppjjs ^Pa3I AA*JI 

| ( _ 5 1j LaS 3_9^J ^Jaui-all ^)JplSl 

+[9 0 ] (- | +) | +[9 0 ] 


^AjCLoU l ? 1 g Vi > -i^/ 1 A^ajlc. _pj j)l3 n~L^n a_pJi ^iajxa]l ^jjpill AuLiSi SaIc. 1 jj-a ^/Ajj 

aIac-V' i LpL aujIjS SaIc. 1 jj£p jjjLaJ! aJjlLa]l jjj* 3I jjli JLilLj ( _5jlulk'^i s-jpil ijc- aJ^aU 

l ^a A -s p >^>'l 


^aJolLall ^jjplll ^p] f, jpjl _pj ^ai 


+ [9 0 ] ?( - 1 + ) 

A p -a^)3l i." ll a» \ ClllA^pa i iUu3_j] A -alVii-a'l alA^Jiml 


t.illc. Cjlc. jjp-all oAA j aA.Wo (."lie, j-ap -a ^3 1 g 9j a > -o ' (jSp Ap-a^)3l d il » \ jj>s AjJ (_^i ClllA^pa jjj 

Reserved ) ° jjp^-ali djLal£JL a_^Ll <c. j-ap-a i3lps .^^pi ^1 Apus^jj ajJ jj>» <. 

While j If J3a ApajJI ajJ (J^.Ia Aj^sU,. aJVa 1§J dil-aKil Ac. j-ap-a ( _ 5 ]c. (Jxuou j (Words 

j^ajll Jia (Special Symbols ) <*-^LkJi j_pj3' A&j-apus 3 Ua l3a£j CjUKSI jjjs Ujj & j 

jj-a jjjSjj j_p^l oAA (jAapj Auaial3l dll II j dLijliall >■** ll il-aC. j A nAalu^)]l dLiLajdlu A_usaLiJI 
>' j '+ +' j ' = = 1 (JlLa i — Sj^p aAc. jj-a ^pVl ill j ' = ' j '>' j '*' j '+' (Jii-a AaJ j i — Sp 

dlApj]! ji dljjilall ?.Lajail£ ^Aiud j (Identifiers ) dlip-31 5x._jpa lIUa Lpi j '= 

jl AuApj^l i— SjpaJI jj-a AAsu Ic. jJJ-a AuApj'il i_a j^pJI A^.Li dlip-all aAA Ia±i La 131c. j A ;\ajJI 
JiLa ApaSj f .\ JJOI AjjIu ApS ikLi j (Constants) djljjll Ac-pap-a i3Ua Ijp-i J La*jl£ ji f LsjVi 
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jiiljuc. jac. / jl-lC-J — ‘UjjjXa 4uiS — A x x,\. y 


(JS, i_L^ajj ^jVI i—sjjjj T ji '/\' Jla <ja ji. C5 ii. ji "Good Bye" JJ» ^ n . oi jl 18.7 j 375 

)A ,al-»"n.a\l djl^)m'i\l ala^dmlj A_^ajJI d il » \ dlla^jLal Agl'i-v-all d )\ C j.a'N.all jpa Ac. j.a'V.a 


J^Vl 1.3.2 

Ai^iows f li ijl AlmLo ^ (Integer Numbers) iJ-^i jjjSJ jl (jfLaj alacjH 

<xs!>l*JI JJ f la ji Sac. <_$ jldi (Real Numbers) iJ-^J <jj£j jl s jLdl jjaj jl s jLdb 

A_i»j alac-i alac^l (j^jfLi (ji j)5<ai j SjLdl ^^ic (_gjdd aa j Ajjjoi*JI <LajLtll aju (_£^pwVI j A_i^).ui»ll 

ta j ^j^=i aa*j te jiU ' e ' Jl jl 'e' J' ^ l 5 (Exponential Numbers) 
La£ alacS/l oiA (j-a (_)£j (J<^>i aJl ^JaliJl _jmMI i nfLj (ji (j^l (jfJaJj iE-212.4 JJa (J AA*j 

:Jk 

+[9nat =[00 
int = ( + | - )? nat 
?(real = int ( "." nat 
?( number = int ( "." nat )? (( e | E ) int 

^)iuu lAaau La j AjjjouJI <Lajl*Jlj (_paLkll jjl aaaj real A-j^paSlI alacVI 1 SU^j jjl J->*s jL dllA 

^^Jc ijj 1 J li<fo - *■* aac- (jj^j (ji (jfLaj ^j^.XII aajtll (ji jliicl ^^Jc Lllj J (_5jLirkl £._p». 

jl ^rj-s>^i aac. (jjSj aa Igjjf Number -aldc-laO (JaLo^I a_sjj*JI ^^a A-iaTil alac-jfl Ldajlj jjdS 

A^ajLJI (ji l->~s jL Ijj^-i j a_j^) 1 il'LV' s.l^a.^/1 (j ^» j ^Jc (_g yi~s i (jlj la^J j laia (_^^oiS aac. 

J'a^i (jJJj A-J^jdiC <LajLt£ 1 g ilJ jalSjl ^.1*1 Lila j "_" ^dajlc. (jjj l^jtdaj aa Aj^)jai*JI 

1 W .^i ji LaS AjJll AjAaji i Sj^p^ (j-a i (_^i ^ i»'i (^gJi A-aialilJI dll^n*JI djl jLaC. (_£Aalj (_paLiJI 

.ULoi 


djlaj*-JI j a jj-N~sxi" diLalSil 2.3.2 

1 g La (JS (jj? Lila J A iJI dji jmMi ^laiJLailj Aiuaj (j^-aJ La (J^-ioii (j-a a jj'N'vxi'l djLalSlI 

^JjliLa ^ a jj , N~sx>\l dlLaiSil (j5<ai Ajla ^^iLilljj i S j^pJI (j-a AjjLi Almlm jps (jjSlu 

I^^LLaS dSb.1 j 

| reserved = if | while | for 

Sac. (j-a i aj*-ai! (jjSll) La Sale (j^l j i S j^all (j-a AjjLi Almlm jps (jjSjj V 1 g La (_JS (jli dlli^p-JI Lal 

ala^luilj diijjcJ! ( iu-aj ^ajj (jl (jS-ajj Aja •y j V I i Sj^)^JI a^.L Iaij (jl ^i^ji J A-j.W jl ( S jja 

; 4jLiil A-J alL ail djlL^dill 


[letter = [a 0 zA 0 Z 
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A_ujjAa /^jlxl\ 4o 1£ — (jaLull AjlaL^. 


[9digit = [0 0 


^(identifier = letter (letter digit 


CjULLlSII 3.3.2 


j£]j dllAjiall (Jjl-d eA^. j AJauil JJ Ig-tma Ait IfrlLaA] ^JJ La LajlA (Comments) dl'ajU'ill j] 

<■ all Vi A3 dlilLbll 4 jL& jVj IaaIxjIuiI j£aj ^gja. Vji l$jJc. L_ij*j]l ja AjV 4_ili bib ^2i 

4iL j )Iail L. nii~v ( _ s Jc. 1 ' £..' r ~ 1 C_1 jLoii jli Li] a] 4 -ya^i]! L A » 1 ja ^gjl 4 jl] ja 

i^Liil JlAiiL jJViil «_a3Sj JllaaUI 4jJ ^ Vlaa VxajJI 4jJj 4_^,UJ1 


{this is a Pascal comment} 

C 4_ii ^3 laiu { } jjAAi-ail jja^jaJl jjj ji\»Ml Ig iadad 1 S j^jaJl ja Alutiui 4jLi£ i"ny 

iJUil (Js Alii AVLi clusw 43liVa aAA^-a ujjj^ .aAVLmJ 


/* this is a C comment * / 


4 -ilgj] AA^-a ijji, A^.jj V j£i J (jji*jJ' ViIAj AjAVi] jli^ja. jl ds^)iw jj£j dllau j 

dilajLdil (JiLa LiiA j jjLCiil 4 _ilc. (_$a]I jLi..i\I AjI^Aj ^gTn (^gjLtjil jl (jAal jjaj ^jic. (_ 3 -ij*Aiii 

;4jLiil 


this is a prolog comment % 
this is an Ada comment 

Ail dllajjjLl j^jSL LaAjc. UaJjaj j_j£j dllajjjtAjl 1 Sjdlib (j^alaJl ^iada]! Ml aIAC- 1 jli La^aC. j 

LiiA jl£_jl Ja£a 4 _i1Aj AA^-a IgJ jj£jjl Aa.1 j ja jj£d 4_llgJ j 4_llAj dllAAa. ^ IgJ 4_awa^)Ml 

dll AAaa IgJ 4 y a^)Ml 4jt_L 4 >.-il y \1 d ll 9 i\»M\ j_j£j LaAjc. 4j_jJta*a]l jaVi jfU j 1 ijpJ oAc. ja jj£ld 

l^^gil La£ jjSLi (Jl£jaiUil 4J.J dllajjjCll (_j^aLiJl ^Jadail i^Liaa 1 Sjja oAc (ja 4jl^jj ^-jIAj 

{ *(H } 


La^-iiJj '{' 4_ilgjii AAa-a]l i—S^pJilj '{' J& J AjldilS AAa-all J^lLdil IAjj jjl iajldi 

jg la. j VI AjV (jAil jjlatMl 4_il§jl AAi-ail i-Jl^jaJl i_aVd, (Jldaibil 4 jl 1 dlLiA^jl ja i_a j^jaJl ja AAfc (_ 5 1 

LaSi jj£jjoi ^ ji jail 4 jl 1 dllajLtd (j-aLaJl ^aJallajl ^iidll Laill Jala 4 1 ll g j ^a j^l j jllat'lll Jaaoj ^^3 

" ' ^ 


^newline ~) % 
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A_ujjAa /^jlxl\ 4 u 1£ — ^joLuli AjlaL^. 


:^l£ Ada -S' ^ ddd (j.-»l dll a laSiLalt jm'ill j 

*(newline ~) 


j^jlli 4_ic Lllc jill j j^~“ *' " 4 -ilg.ii (jddl! i—s^pJI ^-a ^jjLLjj newline j' du-s 

jjjaj 3lAcl ^3 4 'j» ' d jli ^jjJI 4i L 4 >.ol -yll dll iiLdll 4 jjdlLl Lai 4 -N.a jill d ll i \ j/a 3 jA*JI ^2 'i\n' 
^AdSjaia CliiA. i_S jA. j-a jlifll j-a jj£SSS 4-ilgj J dl3,W.a 3 ja, j jdSS 411 aJI o3A j _ s i plVi'i.a 

(^ic. 1 Sj*dll jli dllil (_ 3 1 \» i\\ 4 jI^J jLaAdiuiJ '*/' jlij^JI j (jjlxjll 4 _iIAj '/*' jli jail 

1 ijxSil! 4 iiS (j3aj*Ad 1 S jjoi J jVI 4 li-sLS ^-»V > ii l3A j 1 al'l'V.a t_j ^jLoiLi ^jj 4 jLL 4 >.ol -nII dlajLtlul 

. oAa. jli o3A 4jlgj dVLaJI o3A (JlLa dl ajL"'ll c. 

4 ^d ]| 4LLa ,jfrl . 


Finite- ) ^Ldll 4ldl aJL Lid ^1 jl (Finite Automata ) ^$Ldl l AjUjj'tfl jl 
jl Ldi dUajjIjiJI j^ o3d^a £-1 jjl c_dajJ 4dbj 4iijia ^a (State Machine 

e-Lu ( _ s 3 ^Adid lg_ili dllil J 4 l-v^-all i Sj^aJI (Jjoil/Lai }-il a j V I ^^Jc 1 Sjadll 4_ilaC i da j ^^3 AAdiuiS 

4 .alVl iall dl jjjdill j 4 igVi.a\l 4jLa jj^l jJJ 4jj3 4il/lc ^jL»\Ij AajJj dl3 jLall (_1 i1aAj ^jAi jill ^joiLalt 

4!SLajjVI 4 joiIj 3 I Ad jl (_Jj3 j alaSiLa jm'i j/a 4j^lLa 4!SLa jjl e-Lu 4 iiS ^3Uill £. jail ( _ s 3 (jijnj i S joi j 

j ( _ 5 lLill (JILall Lie. 3 4 ig'iioll 


jjdJI 4jad^J l—dajj (jl jS-aJ 4av-ajj]l dliJ ^ 4ij j )*j ^jLL]I (Identifiers) dli jjdl Jad jj 

: JLUl c te\«w 


*(identifiers = letter (letter | digit 

aJalla]| Jjj».'ill ILa jli (^jJULjj (jful 33 digit J letter dJalLall f.LaAiiVI jl (j3ajij Lll3 j 

^lijVI J 4j3aj'il djjaJI jxs 33c. (_5ll £jLSj |_53ajI l3fi (^lill djjaJI 4lolLal lJLsJ ^jjLalll 

dVliiiVI LiItLxi ^l3adailj l g j jSxii i Sj^jaJI jxs 4LAJI o3A (JlLa 1 s^jdll 4 iLc. j 4jjjat*JI 

: (Transitions Diagram) 


jl States) ) ciiVLaJI j!>LLaj J-»J-»-v <a \ l I La (2) (1) jLLas^^all jLijjl3]lj 

jc ^ajVI ^)4*j l .a in Uljj jl jSoi <^L]I JaLaj'L! 1 <l"i'V4 (J^ - «J i."n~v i S^)*j]l 4_iLaC I g j\c ^)d 

jl djdl (jjUajll dij3aJ 4dii fjj 4JU j-a jd]' cJ^di ^1 j (Transitions) d'itajV' 

4jlAi]l 4jLik. (jA (l) ^-JI-iLI j/n'i JjjLjJI J-»ItLxi 1I ^3 j u> (_]S 4jjjatj l^LII i Sj^jaJI 4c jxi-Nxi ^-a 

^3 4JUJI dlls jjlLOJ ladll djdll 4_iiac Ia3jc l3fi ^1 4 JUJI ^_a j (Start State) 

4llaJI Lai I g La I Ail 4 q j\ u> 4 Id 3^a.j UJ"^J 4 JLaJI o 3A 3ic ^ g Vi 1 jjjjr-a JJC- a^ u> (Jlild j-a JaJadall 

^bgjoillj (JSlxs-all (JlllSVI j C ^)4*-l (_^L1I J (_gAaji 1 SJA ^-a (jlLLil 3^A. j 3ic ^jd_jll (Jlid (_5^-3 (2) f=^j 

^3j 4 JUJI ^1 (Jja-a_jll 3j -N i j j letter -J j^dallj (2) 41UJI (^1 (l) ^»3j 4 JUJI jxs 4adall 

3 I g La (jl ^-a j_il Will d ijAa. Aic j LaI ji jl jSoi ^l3jVI jl 4 j 3 •% j V I 1 Sj jaJI j-a 33c jl jli (2) 

Jadll (_ 5 -lc- 1 Sj*3lll 4_ilaC 4jlgJ (JLali (^SiH d'^LaJI jl 4 !LaJ! jli La jaC j (j j^l Oj-a (2) 4ll-2all (^l 

Ia jjd ^iij (Accepting States) dVd (^di didl dlls ^ds 4 JI jli d*j ^'j 
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jaC. j Jll-iC-j — A-uJalj^l 4uiS — 4jt-al^ 


J (JjjLjJI lalry-all ^3 (2) 4^-J 4JlaJI (JlLa 4p>.j3_4 1 ^ e^)j!3]l ^l^-vluilj dlVLitii')/ I J-ilrN-a ^3 

(_jl 4 at n 1 (_£3pji i_s^a. £-a jl 3^1 j (_£3pji t—S^pw. £-a jjjUai]l till j3a. j)V cdlij 4j^lLa jl 4jjiLa 4Jla. 

i S^p-a fiat iLa^A j 4 JLaJI o 3 A Ijj (Jj^aJ 4 jJjat*JI jl 4 -j, W 1 i S j^pJI jp 33 c- 

.4 -s.a^p]l 4 jl1 ^3 (J_jaLa 


J 1 ^ 


i\i^i 


4-ajlii 4 l-i ml ^ l^jc.^n*j]l jjV! jj^aj lillli^p-a]! 3aJ (JlLaj o33^ ^ i S j^p>. 4-LmIm ^Jc. i s^pj]l 4jLa& j 

( S j^pJI 4jjoiLoi ^^Jc. 1 S^pj]! 4_iLaC. ^3 (_£3]l 4)rN<a]l (J^Li. jp CllVLsSiVl J 4j3l*iLa]t CllVLaJt 

l^jijLaS l^jc- jJpCi]l jjSpj dllija-a]! 3aA£ COUClt <— Sj^aJt 4-Laiui jJJ-aj jl ^git t__sjxj]l 4 j\,ac. !>Ha3 


o jiaiw. (JS (jjjUajll til)3aj (jill ( _53pj'il i_aj^Jlj (Jlajil (_]£ 4j^ic. tl 


4 p'i-y'l 4 j^lLall 4jLa jjVI 1.3 


^3j 4 1g"n.a\l ClAjLa ji^l 1 Lma_j] 4_j]c-Lij a3^1imJ \ q jl m 4a*.^)jai (_j3]l lalrs-all (JlLa tJ-ilrN.a (jl 

i Luaj 3 ja*.j ^jj^psall jp 4 i \3 til ]3 £-a j}£L] j 4 jjg mj CllLixs jjl ji>JI <v l 3 l e 3 ALui«aJ Li] ^ajaii 4 jjS] 

j)i]j 4] es^= 4 j oV» j». ^iiJI ^ (Formal Description ) cs^-® j 

4lLaVI cplc-l <■ in/ijl diUaiai_«]l ^gic. Jasa 3-aj*j j djU j^\ pile. I ^3 t_aj^pj]| lift Jla] ^llaj j;] 
4 p'i-\]l 4jg'n,a\l 4liLa jj^I JLa33 a jjaim liil I jJaji Ja^ili jjl 4_i^jla]l 4ijLa jjV Ij 4_i_aLk]l 

4L ^1 ajUjjVI ^ j DFA ljL^>lk} 4J& (jikj ^i]lj (Deterministic Finite Automata) 

l 3 & jfi» }j Jaaa JLaJI dl])Li. 3 -a]l 4 j]LaJI 4 lLaJI L- nn~s (Jlalil (JS ^-a 4 j] 1 j]I 4 jLaJ! 3 j 3 aj L^j 3 

Nondeterministic ) ^ j,a'i-v\l jj& 4-^iLa]l <jLa jiVI jp 4 ...^i^. aJUv ja 4 jg'n-all <jLa jiVI jj-a ^-_A]I 

. lia.V 41^1 j3 44^ ^1 4 jL» jj^I j (Finite Automata 


jl jipMI ^-a 4 -a)' Lai (JjLjJI 4jiLaVI ^ jl jJ 4j-ajaJil 4 j^lLa]! 4jjLajjVI 4iiLal jj-a 4x- ^3aj jj^l j 

■4^kila]| 


:6 


4iiLajiV! ^l3aiLoi4 (j^-ai Jais o3^.l j a^ya (3 _]l 1 S^pw. (_g jiaj ^^giiJI 1 Sj^aJI 4x- jxi-yxi 

;aJU 1I VairJI 4 ; £ r^n 

: 7 ji® 


^l 3 aCLoi 4 4 J (j^®-) JJ^VI o 3 ^l j iija b _]l Ulja. i^ s ' L 5 C 5 -^I i-jj^pJI <C- jxi-vxi 

;4JLi]| <u3aJ| 4^ila]1 4iiLa jJ^I 
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(jSl j JjjLoJI (JllLallj (_)UUJI J-iJrNxa (JIU]I IU djVUij'^n I~»Irv.a j_jS 

.jjUVI )-»}-»•»> .all ^^3 ^JjjLall CllVUJI L^ - ^! (l) 4.SU. i_J*-^ _J&J Ja-Uaj (JjA*j 

; 8 

: us ^^akii igjsu ^ nn\ ji^bu uu uu i diL^i u^a ^ui *>]i ^ 

+[9nat = [ 0 0 
int = ( + | - )? nat 
?(real = int ( "." nat 
?( number = int ( "." nat )? (( e | E ) int 

ullj 4jl!iS eUc-] (JjJaaVl (j-« Ajli Cllaj j )*jll oU £-a Jalil (_5^i 1 Sj^jaJI 4-lmluJ DFA J 

\ US 4-aJa!ila]l l" )\ 9 

[9digit = [0 0 
+nat = digit 
int = ( + | - )? nat 
?(real = int ( "." nat 
?( number = int ( "." nat )? (( e | E ) int 
I^VIS (JjSj j (nat) A j* ^l^&bU DFA u« jV I j 


.il.ic.1 (j-a c-lgU^I (U^ (_ 5 -^j CllVUljVI l-» )-»•»> .a Ig i<a>Ai‘n dj^/U-U »Umi f.UaC.1 ji ^j3jj > u j 

’.*Liai ^bu u.isii Uduii ^u jj^i 

4Uj*_ao bbla IgJ -dUdJI A-lUUI 4 jg"n,a\l 4 jU jjSH <jli ( int ) 4 ~vj~v jl^c-bu 4jjoiiSljj 

IAaj j_jl jS-cu i~s >^i\l JA*JI (ji Jaik^Lj Ciua. ojUiVi-J (j-aUJI j-UVI L. nun cd]j j 

I^^jVIS ^ ; ‘ '-'l ■ ■' l~»l~U.a (jli (_£ ^yx£- ojUi )U jl ^yliC. 
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j JL US ^juaSllj (_paUJl j£^)\ aaV' £ J»JI AiUaJ <1 jg mj j)S.aij 

(_paUJI £^JI j_jl (j,oS» il cd]A j jyjlJU (jjlll A (Jc. iS J)'w ) (JjjUJI dlVUL^I l~»l~»A.a j)l InA^/bj 

^2 l ^u) y $\ $.jpJlj a II j Jw'il e jjl AiUaV UIJI jJ j _ iSX iU] f-3^ J^ILj 

r'lWj (jl jjSuajj G Us^pa. jl £ i—S^pj Iajj (jl t- iaj f. jp>JI (jl A laA^U t- v^j iUIAj J aIAc-J 
A jjlalt AjU jj^l 1 Q -.Q i (_£All dlVUL^/l J-iJtvxi j) j5Ll ■ ■' j (jj _ jaU]I j)jjll a II A^.^/ (_J-aj]l A*J JaS3 

: j> us aIa&Vi jc. cu u^uji jauJi 


; 9 JU 


I Jc. l—S^pjll A jUaH AjJlall AjU jJ^I aIAC-I Uajl JUj Aji-aJI CllliJ Jc.1 J Ap. jJ Jill lIiUiUjII 
Ajtl dlULtJ (JlLa A^.1 J l_SjA jp (jjlu A-jJl J AjIAj i"il A W ^ J Ji]l CjUiLCiU $. jpJI lAA <J J 

jUlill Ig LajJalL Jill lUj^pJI <LaLoi AjIjS Jj Clip*. CjIa.WxiS { } (_pl J'il ^AUUuj (_5A]I (JISjoiJI 


^IAlUUiIj JISjoiUI Ajtl dlULtJ (Jc. 1 S 3 *UIj A >.al a II A pi a II A jfrlLail AjU jjVI i Uaj jS.a i j \ .ag jjj 

| JUl C^\l Lj JLkUa 


3 j\»'l\l AjJu (_paUJI ' l_ 9 jaJI lA& Uj 3 l—bj^pJI ^pA ( J*j JUJI JaiaaUil ^J OthGT ^ -alSj 


4jUjjl (_jLj (_)<->! a\I CllVUlj'^l I-»J-»axi J A 1-»a^U L_LAJ A Ijl mil 4iiLaS/l (j-a A*jj (jVI 


Ujjj ad]j Jaa3 (_>U J ■‘CiLiLaaJ ^alc- jLlaj Jaa3 ^ Jax j (jS] j 1 g $.L}jjiVl (JA»aJJ V A )<A 

(jali JliSjj (jl L_LAJ A ]a\~\ A jg'i La 4 jU jjl I ^jl AAaj ^ i ^jl Uiajl A^j 

V 4j (j-aliJI CllVUljVI IaI-iaxi UiiJ AjjA^jI i_Jl (j-° U JS £/a AjVU. <C. jxiaxi aJU. JS1 

t-i^pk jj^Ja aJU. £.liu.i All jA^. (j C- ^-ili CllVlAljV' ^ t "' V ^Un\M liiij ^JXIA jg Jaj 

l_jl AaJ A_i^.lj (j -a j cdlj ^-a j A iUa\I A j^lLall AjU jj^l Cll'iU. oAAa. ^ aJU. ^-a ojj^ia 

i aal^all A iUa\I A ig"n.a\l AjUjj^/Ij A aII Aaxs jjl ^jiJI cd^Lai i Ua^jj V ^ i aj^pUl 

U AW <V AISaSj 1 li\ lAjjAa. Aic. t'lh i i^s 1 SJ^pUl ^Aajj V ^Ua3 AjalUUI 

(j-« JliliVI s-Uii tU AaJ ^-a ^jLlalill Cj jAi. Ajc- ji aJjjLJI CjVUJI A^V jll Ajc. ^jj (3^' 

(j-« 1 S^pJI lAA (_]aj ^ajj ^jl ^jA jU.^1 1 S3 j-all lAA AlljA^. Ait j aJU. 

(_£A]I f-l^pkVI UiiJ oJlAa. ^ o^^)La] ^ UVi ( _ 5 ^^ J AjuaaUI a_s a1...-1.,.i JI iAj^U.Aa]I i_s j^pa. Ajjaaiui 
^u-s £-a \ g j\c. i—S^pUl eA J-a]l ^-Ujj Jj (jl _jA aJ jjLall Cll'iUJI AakV (J jj-a _jll Aic. Jj 

i Sj^pJI ^ixia ^-Ujl Jj (jl Uli LlaaJI AJUJ (J jj-a_jll Ajc. Jj Ul AjjouIIj Ul I^j Ajajj^all (_pajUaaJI 

_l J-»A aJUij JJal Jj jjl jl (3^i.l oA Jaj (_paUJI Jaxajll jpjAa I g jlf~- i S^pjll Aj jUU I g A m,a (jjUill 


A i/ia AjjUjjl (_J I ^^2 AjIJI aJU ^^11 (J _ja-a_j]t A iqiS jjl jjVI UaUiAj A^jj Llili (3^i.l Apa.lj j p j 

t S^pAll Jj CIiIa JaII oAA jp oA J^s (_JS j iAjIa J^s oAc. (j-aaAajj A Axi^pll i." )\ i I ^ixia (jl i S j^pUl (j-a3 

(j C. i sIIaxi ijjij Iajj oAjxi (JS ClljlS IaIj I^j A >^>l a II A iUaII Aa^lLall AjUjj^/I A J-i>nl ^ I g jlc- 

CjlAjiall lUllu A >^-il a II AjIaJI Cll^U 0 <aA (jS-aj aJUJI oAA ^^3 Aj^ (_Joi 3 -aVl (j_jlU adlA AjjtA (_£^i."Sn 
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Compiler for msc of cs 


jaC. j Jll-iC-j — 4-yJalj^}ll (»ji*JI /^jltil 4ai£ — ^j-jlull 4jt-aLy 


4jfrlLa 4jLa jjl l^j ■‘U-aLiJI 4q\'i-y.all 4_yalaJI 4 jfrlLall 4jLa jjSH j ;.aVi ^Uljj oA^I j 4 jI.Aj 4JL^. ^ 

j '< = ' J ' = ' jya 1 g \'i.a'i ^Jl 1 Sj^yaJI 4_LoiLoi (j^jSL C 5 -^^ Clll-i^yLa]! (jijjj ^LLaS A at .a'N.a e.1^1 j A i.a"i*N 

: Jl j$\ jt jini jsiii iib 41 . Jc. i_i. j*ib 4 _^uji aju^ 1\ Ayjs.w .jfri '=;' 


4 i.a'i~\\l 4 ig'n.a\l 4jLa jj*JI .lut jj jy£-aj 4_jlj 1 i_s^p>j Iajj djl.i^)La]l adli jya o-i^yLa (j£ jjl Clu^j 

\<M\ 2Ua3aJl A^l Lal l 4jLa ,jfrl ^ l*La J£j 

'<>' j '< = ' j '<' djIj^yLa]! ^LLaS 1 S^yiJI (jjtilj S.1JJ dll-i^yLa o.iC- aJLiA dulS Ijj A Y\ Lt.a\l jya£jj 

C_L^J 4_jV cdlj j l^J A at ,a-v.a A Aj^lLa 4jLajji jl^C.1 jjSLaj V ^LilLj AjI-^JI t—S^ya. ^k 1 at t.a-N 4 j 1 jLjj 

1 Sj^ySb. jya 1 S^ys. (JS £-a A t.a"i*s\l A tg"n.all 4jLa jj'JI dj'JLs. jya aJL^ (JS jya j** j (Jlaljl cJLiA (j_j£»j (jl 

£-&i-a]l t~'tVUTt\M lift j l^jj-lSbjl 


i."],Wj JLl^. j JlSSjj liSliA jjjfL dll^J 4at.a-N.all 4_yaiaJI 4-^!iLa]l 4jLa jj*JI cjjjjj c_±nj lilli jya V Ajj 

i"'VUyi\M ^jj^aj Cii%) 4_!La. (J£ 

4£,jl.'.',.a oJl^.1 j 4 t.a"r\ 4jfrlLa 4jLa jjl ^^3 dll-i^yLa]! ^t.aN ^oa.} ( _ 5 ic ® j-^ aJLiA jjjfLi (jl i__ l^j 4-alc o^C-li 
^akLa JJC- 4i^)Jaj La I jl 4 >^il ~s j ^ n ^1 1 ^3 4 xig .all oj& (JlLa , IjtoJ j)SJ j (jjLaJI t_j ^jLaiVI l-^g-J 

^yiSI J _j 2 a. j (Jl xi'i~sl (JxiLnl 4 ig'iixill 4jLa jj^L (j-aLkJI 1 aj^ytlll t'lh 1 jjl (jSua-i 4 K Lixill 0 j& (J^. j 

A j^ilLail 4jLa jj^JI jya JUiaJI ^_jJI I La j 1 Sj^yiJI (j^-»» j ^a CllVl^JI (_5A^.j jya Jl^l j (Jliul jya 

! jL^aikl 4 J& (jikj U j (Nondeterministic Finite Automata ) j ^ <j^iia 4LUjjl 

4jLajjl ^^Jl 4 ^ Jg'L-a 4jLa jjl (_^l (Jjj~sM 4-aJala 4i^yla jj^Iaj dl9^j]l (_yaaj ( ^2 j |\| p/\ 

^Lill a- jsJI ^^3 4jjoiIjJ ^-»'i j > bi La I j* j m A 4_i^lLa 

4 lo'i-sll jjc. 4 j^lLall ^jLajjVI 


(_yaLk ^ ixiat'ij ^LjU ^Il~\ j 4 ix>'i~\ll JJC- 4 j^lLall 4jLa jj^U ^ >^»Lj^)]' 1 (_ya^)*jll (JjS j jjVI 

,LL (jjll (6-transition ) ^jLall JliLVI ja j £- 'La ^ Jxal*j]l liiia jjjSj CjV liliL/L 

1 i j^yaJI 4jjaalm £-a (jjOaj (jlS jl LaS dl^l'L^oll 1 Sj^y^. 4-Lmlm jya 1 S^y^. (_^l aJ^glml (jjJ 

LaS dl'Jliij'JI LiLi'Lxa ^JaJj £ jx^yllj Ac jlill 


aClj.1^. jl ^yaij^JI cJ^yaj (jj-^ J i_£ jkc. J ^ uil t'lh 1 4jjSl ^^jAj JJC- La ^^Jl jLa]l (JUlij'J! fi» 1 ^3 

jyj jLirLV! (j C- jjl (jS-aj 4jl (Jj'JI jyiiiaJ JLt3 4jS] j dl^l'L^oll 1 S 4jjaalm ^^3 

' = ' J '< = ' J ' = = ' djIj^yLa]! (jjj jl fi-L^I Aic- !)LLa3 4jLa jJ*JI CllVI-^. 2^®-^ C5^j ^Llaj 4jj^ylaj (JjIaJI 

\ ^_gJj LaS I g La (J^J 4 >^>l -yll 4jLa jJ*JI ^®^ L>® Ll]j (jc ^ylAjClSl j)S-aJ 

(_jl ^gJc- Jjij (_^l a.l^ya.1 (jj^ o^^yLa iJfL 4 >^il -nII 4jLa jJ^I 2^®"^ (jjLaJI J-iJtLxi" jjxi'n i"n*s 

jl oj ; ya]l Lai _ Los -NO.J o^jA^. 4_jIAj 4jLi. 4iLjaj Clbaj Lajlj 4 >^>l -yll 4 jIaJI 4jLi. ^-®-^ UJ^ J 'Z 

(JSjoU 4c jla]l 1 Sj^yiJI 4-L-alm ^-a (jjLLvill 1 SU^a j jya jyS-aj 4jjS jLa]l (JliliVI ^alAiJLui'J i. in J' 

LaS ^jbial j 

4 j^lLa]| 4jLajj*JI ^al-l^iml jya VAj 1 Sj^ (_^i ^-a (jjliaj UJ-^ dl j)C ^yiiajJ cd]j j 

l^dal j JJC- J^ dj jy^j J 1 S3j-JI (J-a^j j)C. ^yjaj (_jLil A-JUl 4 
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JilljUC. jaC. / jljc.) — A x x,\. y 


(JjLull ^^jjoU taa jj liii lie- La iA_i/ajal! AjLa jJ^! £-a AjL-ujj tAaaSal! JJC AjLa jjHI AaotilLj 

Alb altc.! 3 ) ^Li-v j Ljaj! j £ ^jtill i—S^pJI JaIlI ^ Ajlaj'il i— S j^)a. A*jai jj 3 ) ^Li~v 3 

Jaaj tilli J ala.! J Alta qa J&'i J12S3V! I— Sj^)al! la! £-a JjAlajl! dl jla Aka ^r..a.mll "]" (JliuVt 

lalaa-al! (3 lllLaS dj'ita Ac. jxi-yxi aIIiI! ai& ^tlL 


'<’ Clll/lal-al! l—ii^ja £-a 


( 3 ) aIUI! ji ( 2 ) aILJ! J£l JUfciVI u^j ( 1 ) Altai! t> Ail n=J 

\ t _ 5 ij La£ "f (JliuVt Al'l ^!la3uitj Aj c. La j 


{T(l, <) = { 2 , 3 


j_jC- aj. JC- ^ n.o! Jliij'l I Alii 3-La jli ^LilLj dl^La A C. j.a’N.a ^jA Al!ll! ei& ^dtj (jl ja. } La jSh j 

(ja (jj£2j 3II j (( Power-Set) » 31 ' Ac^aaaj ls aja 1 3 II j detail ajjJ ?11 dilcj *■>*!! Ac. j.a>.a 
ojill Ac. 3-®3J Cl U^. AjLa jj^I dlVta Ac- ja~\a 3*® (Subsets ) AjjJ^' dllc. j^aall ^i.a-N 
(NFA) A io1-s\I jjc. A ig"n.a\! AjLa jJ^I i—ij^xjj 3 V! ^jijj p(S)j J-«3W S dsVtall Ac- 


^jj 3H SN , , SO , SI , S 2 A a jLlLall distal! Ac- j -s a 3 ! A LLa t_jaj JjjLal! i ijjjtjll 3 *® 

3-« (JjjI dHa-Lall i Sj^ja Alutlui j "F JUluV! a!!i ^I^A'n.iL S diVtall Ac. j )a~\a 3 *® UJ ilAl 

CliVtaJI 3xs Ac. j -s a (jA J&\ tflllA 33^ 3 3^-®-®" 3-a Jj Cj^.j J < uli IaJjA^j 3 iS 
AjLa t_ik] AjLa jlj'J I 3^ ILa (_Jc- jllaJ <■ - JJjJl IaJ j dl^l i S jja. Almlm (joiill AjuLiLall 

Ji. a j 3A JS ^g3 lAJj^aCi ^»1 jV 1 3xs eCAa. ^ Almlm Jail CllVtsjjVI AlutlmS A i.a"i*\ jj C- 


. -i . .■ 


Ac. jla]l i aj^aJ! 3 * 1.1c. Jj Cli3 j (_^l ^g3 3 S- 4 JI 3 ^ J^ i'iMn \^ll 1 j a ill ~s\l aJUJI 

A jfrjiall AjLa^V^ <_ 5 ^ Ac- jlill dlVLajjVI 3^ Acj®>® I ^ LISj j 1 S j^aJI Alutiui 3-®-Ca £ 

3^J ^g ja. olL A_w3j^ JLal 3 ^ u^! V A i<a'i~s\l JJC" A j^lLail AliLa 3^^^ 3 ]^ J A 

3 VI ^Iflj Lajjj ^3?^^ t3 3 k ^**3 *■ 11 ^® J '^4 xs 3j^-3 k ^^CilLaiL 3 ^-®) Ajl J 3^ 3^ 3^*® I 

_3^3I 331all AjLa JJ^L A^aUJI AJlaVl O^J 


10 J^-® 

; AialaJI A ign-®" AjLa^*^^ l 5"^W (_p=LiJI iaja^a]l 

; Jillill di3Liii3 1 Jm 3 -® a Li ml ^ IJjjs 3 ^h "sbb" 1 Almlm 3 ^ L* L* a ^11 tas3 

3-« JliilV I LaiiJ 's' 1 S^)^JI ^jj)g L» ^-a fin ( 2 ) AltaJI ( 1 ) AltaJI qa JLLil3 1 3^ dljA. 

3 "ab" 1 Aluilm J^jjS 3^ ^<>ajiJ La-a 'fo' i s^aJI L» ^-a ( 4 ) Altai I (31 ( 2 ) Altai! 

3!^ 1 ®J^pl^ JjojLLjj £J^a J_jj 3 3^-®) ( 2 ) Altai! (3) ( 4 ) Altai! 3*® ^3 til I Jtiil3 1 ^llAlmL 

L» ^-a flu ( 3 ) Altai! (3) ( 1 ) Altai! qa JLLil'l I 3^ dli £ j 3 b “f" ^jlLal' 3JJ»lll JjLLlu 
3-« 3^H ^ - ® >1 € ^3 til! 1 a^jal! ^jj)g L» fin ^ 4 ) Altai! (3j ( 3 ) Altai! 3^ JLLil'l I j ' 3 1 1 s^jal! 

jtil! JtiuVI ^l.lVnul 3ji J ab* ^LiVm!! ^uatll! ^-® (3 jl lalj 3^^ 1 b3^ JjaiUjai ^ja. J ^jj3 

t)*^-»l-»Ti<al! jjjjtlll £a Jjt kil ,31! 1 Sj^jal! ALaiLai Jj 3 ^aajiJ ^ 4 ) Altai! (3) ( 1 ) Altai! 3^ 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 u 1£ — ^joLuli AjlaL^. 


ab+ 4^ La]l ^jmMl 4 liml 4_ljjUI 4jt_l]l (jj£j (jail ml' 4 i.«"iy \1 jjc. 4 ig'iixill 4jLajjVI (jJ-3 

4 kn . nl (jl/aj | ab* | b*i 

*a | 6) B) 

; 4_Jl!i]l DFA -Jl ^l.’ly'n.tlj 4 j1c. i s^)*j]l (jSLaj ba ^jA j 


11 Jli. 

; 4_JIj]I |\| p/\ _JI i^ya^Sj 


; 4_Jlill ^VU&VI 4-Lmlm j)C- "aCab" I— SjJikJl 4lul,„ (Jj£j 4jli 

4jiI]I (jjaflj (Jjii 4 q j\ mil 4 _ia1sJI jjc. 4 ig"n.a'l 4jLa jj^l j)l Ja^iU j)l L. 1 * ..oil j)-« (jjj] 4qiqyll ^9 j 

j(a | c)* b j-Lmlill 4_Lajoil jj <U^jLJI 

4 jfrlLall 4 jL« ( j^aLaJl jljc.1 3.3 

4 l^aliaJl jjc. 4 jfrlLall 4jLajj'il jl 4 i.«1y \1 4 jfrlLall 4jLajjVI (j-« Lll (Jjjaj] o-AC. lilljA 

(j^Iall ^]<ay (jl jliic.'^l (_^3 ■ly.VI £-« p^aJI 11 a (j^)Ia]l cdli t _u3jrj,...ij i s jjoi j i_]j1^.a ^oalj^jj 

( _ s ic- oJa. _jll oIa (jxs (jjjj^Sb. ^)i.l ^2 l-l^J djl Jl ^>3-all (J;ly‘' Ala.jx ^ky'n.n/U 4 y \1 >^i JlluUJ 

4 j^lLall 4jLajjVl (JHa <^1 - 1 _j*j jjVI J (Jjj-ailll j)-a (jxs 4la.^a]l oAgJ 4_jjail_La]l (j^)ia]l 

jl 4jJaj^l 1 Sj^pdl jj-« U^j (j,h jl i Sja. jj-« (j_jSjj ^lill dlli^a-all (-S^ 4 ixi'iy II 

: jmi js^i 4^ (j^uji cjV^i uu, i^L ^ij ua^£ J 4jj^i ^iSjVi 


; ^^Jliill i_]Sjoi]I ^^Ic. ^-alj^jall 4 _Aj£> ^jA 4 ixi'iy \l 4 j^lLall 4jLajjVI oIa ol£l y x>\ 4ii^)Ia (J^joil j Jji (jlj 


{ starting in state 1 } 
if the next character is a letter then 
advance the input 
{ now in state 2 } 
while the next character is a letter or a digit do 
{ advance the input { stay in state 2 

end while 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


{ go to state 3 without advancing the input } 

accept 

else 

{ error or other cases } 
end if 


4 ijj La I La j (JjjJ J (JS 3aj 4jLa dl^Li. 4 -n \\ at a I^jS 4 q j\ mil 4jL^)la]l3 

(jlS La I LI (JjjLa I La j 4jLa jJ^I (J^l3 jLiul (_]£ £-a lA3jc. i skj 4JLaJI Aj. W'iI >■** ll 4 )\» 'ill 

4ii^)ia]l oLa (_jjL l3gJ j 3,W.a 4 i.a"i*vll 4 ig'ii.a\i 4jLajjVl ^2 j_jl£ La ILIj jJx >.s\ dj^/LiJI 33c- 

oLa ^3 jUuiLuil jljjc. lilljA j o^li_a*a]l i~'li ~s ml .all 4_jLi£ ^3 lg-al3iJluil (jSi-ajj 4jjail_La (jjfL 

L. 1» >.^>11 (_]■» -n. i La ^A j i a llik .a i_]£jau I g at a (J-aLuill 4 i.a'i*\ 4_i^lLa 4jLa jji (_]£ (jl (J j$\ 4iLjIa]l 

L_UaJl Lai _4Lj^)la]l LlL ^l^VLttlj ^c-alj^jj 4 i.a'i~v 4jLa jji (_£ i <Lal& 4 _Lajjl_ji k 3t3c.l 

33c- o3ljjj 4jLa jJ^I 33c- o3ljj £-a JJjS (JSjoU 3l3 jjjoi ^--aLj^jill 3jq»~i (jl ^3 (JlajjS ^^jLliSi 

(9 ) ^3j (JllLall ^3 Ig .> 1 JC ( ^l]l 4-jalaJl 4j^lla]l 4jLa jJ^I (_pajAj lillL 3j£Lil j Ig n; CllVliLj'il 

4 U 2c-atj j >JI 3l3c j i_JjU-».all j ^joill 4jJ ^3 <La3Vint.all dllajLtjll ^^Jc 1 S^)*jllj qs - >1 “vll j JjjLoiII 

4 -njI j ^-alj^jJI I La ^ 3jq»'i\i ^ o3bj]l <_£3-a Jaak^/bjoij LULj ^LLill ^jtall Lljlj i—Sjjoi j 4jLa jJ^I o3£J 
iJa^aSl ^>i 43 j^)I 3 LlUA 4-jjl mil 4 ij^iai] (Jj3jS j dlVliliVi j Cll'^LiJi 33c- ^3 4 jqjjaaill o3L^l] 
^xsl ji (j-a (jjjji (j^ 5 dlL/LiijV I 3 19 Vi ^-a 4 ill ~s\i 4jLiJI 4j«jLLa] dli^j».'i,<tli 3^.1 ^l3i>3Luilj 

Laiu 4j]LaJI <HaJ| jLila-L (J jSfl ^ai fjAi (_>=>LiJi 4jLi.l3lLa]i 

4jj\ mil 4 ix>'i~sli 4 j^lLall 4jLajjVI (jiL (JLLali (Jj±m j dj^l^3-a]i 1 Sja jLlI^Ij ^^-jLllSI ^xsi 

; ajAi.'ii 4Lj^)la]l oAgJ ta3 j ^^JLllSI ^-aL^jJI (jSLaj i3llli j )*-a]l ‘ S^atliSLj 4 >^ii ~L\i 

{ state: = 1 { start 
while state = 1 or 2 do 
case state of 
case input character of :1 
letter: advance the input 
state : = 2 

{ error or other } = : else state 
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A_ujjAa /^jlxl\ 4 u 1£ — (jaLull AjlaL^. 


end case 

case input character of : 2 
letter , digit : advance the input 

state : = 2 
else state : = 3 
end case 
end case 
end while 

if state = 3 then accept else error 


J12S3I (J£ j o jjiLba 4 l-al^Jl 4 jfrlLall 4 jL«jjVI (j j 4£jjla]l oAgJ laS j ^oalj^lll j_ji i. aft In-sl/U 

^»Lal/U taja. ClL^-’O.al' £-a lAije ^^lll 4llaJI State JjjCLall 4-aj3 jjjjm 


AiijUl .ills ji ^ ,jSlj ( 3 ) 4JU1I J) (2 ) 4-JlaJI t> J1 iliVi *UlLab) 

(jVI 4 ixi'i-vll 4 jfrlLall 4JiLa jjVIj 4 -\11 diVLaJI iie 6.4 j_) £-a 1.1i£xj ili jj ^jl (jfU j t.a-N~\ ili jjjai 

(_£A1I j ^xali 4 jlL 4_k^aliJI ^^Jc. 1 S^)*ij ^^ill 4 i-a'S^vll 4 j^lLall 4jLa jjl/U (_JjULall ^j-aLj^ill iliclj 

u_& 

state: = 1 


while state = 1, 2, 3 or 4 do 
case state of 


case input character of : 1 
advance the input :"/" 
state := 2 

{ error or other} = : else state 

end case 
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— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


case input character of : 2 
advance the input : " *" 
state := 3 

{ error or other } = : else state 

end case 

case input character of : 3 
advance the input :"*" 
state := 4 

{ else advance the input { stay in state 3 

end case 

case input character of : 4 
advance the input : "/" 
state := 5 

{advance the input { stay in state 4 : "*" 
else advance the input 
state : = 3 
end case 
end case 
end while 

if state = 5 then accept else error 
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Alluc. jac. / — 4uAalj^}ll ‘UjjjXa 4uiS — A x x,\. y 


(_£^ja.i AAi^jla Aajl A i-a'iall A ifrlLall ll La jl^/U (_JlULa]l £c-ali j )i]l Cl-iC-V ^jjiajLuJI (jjilaj^iaU liLCaVL 
dVtsli'il (J jAa. Igjlc- Jjilaj ^lll dLLnll c_u£Ijj (_£Aal (JLLa <_ya 4liLa jJ^I qC- j-u»lll 1 ^j 3 ^jj 

Aj^iia liL# ,jjl ij')} J jAaJI J&Lsij ^ ^L jj elec.) ^jj tilli au ^ (Transition Table) 

Cbu^M A ill jj 4ijL.o.a (JSjjo Aau (_£i]l dlVtiljVI (J jAa dLijla-a _j& Ja£a (_£.UI (jV 4_iala 

Ulc ^i9 (jfr (J jAaJI ^jja-i Cilia. A i.a'iall A ifrlLall lliLa jj^l d^laAa ijjja j dVlaj do^j^Laj 
A-i^llall lliLa jJ^I (JlaJ ^Li]! dVlijjVI (J ijAa ^AiLsiS _4_ialaJI A jg'n,a\l lliLa jJ^I lillii A all d'^liliVI 

; Cilia j*-a]l ^^ic. i— S^jxlii ( _ s li]l 4_ialaJI 

liijli liljlia dlilaJI bal JaS3 DFA -Jl (_^3 c 5 ^' diVlSluVI (J IjAaJl dliLa a-Uj 

(J jAaJI ^jCajj V (j^J DFA -SI 4-jldll ULa Lallc (J jAaJI ^3 jg Jal Ula (Jjl (jl (jAajliij 
oAk j dLla.Aa]l LJjja ^jCujx Lli^jali Ig ;al ..oi ^^l dVtsliVI (_^l JAaj V iLUL£ j UjjLa]l d'ilaJI 
idtl lisAal ILli llwaila dliLll 4_iiljj 1 g Lajlul j_jl ji dVlsliVI (J jAa] l^laldal dLa_jl*-a]l 

d^/lall (j-a Ula (_]£ dlilSi ILj La ^dajj 4_il^j]l ^3 Cj-aC- ILLdl (j^-a-J 4jli JjjLoJI (J jAal] dLa ^ji»-a]l 

dHa.Aall Lli^aj ^»Al (jc- ^■llall] (jjil ^aVI alAalml j ^J^iLall CllVlaJI Aa.1 (J jAaJI Ig LajJajj 

l^^il LaS (J jAaJI ILa (jlj 

jjj^Ll ■ ■< l^j ^saLaJI CllVliij'lfl (JjAa. (jlj AjJ dllfljLtj i _ s ^- 1 (j-alaJI DFA — ^ 4 ±ui illi Lai 

4liLa jli (_^li (j-aLa. CllVlAiil (JjAa i_j\ (Jc-lailll jCla]l ^l*JI ^-ali^l]! clAll ^jJallaii ^jVl J 
(j C jj;»'i\l ^jj jjlj T Cll'l/lAii'il (J J-la. Igj JalilaVI all ■ a CllVlali'i! (jl Ll]j j ■‘Ciala Aj^liia 

Advance Ajaialall lijAuauall (Jllla (j-a la Cal dl^llaAa]l ^jjai^a Ll^al ^»Al ji Ll^pCi 

<alLall ^lAaloiLi lAAiAal all ■ a3 U jjLa]l CllVlall Lai Cll^laAa]l ijjja j CllVlaJli LCaji <joijg 9xi\l 

;^L*JI ^Ajjiil La dil j]-t^ j^li Laia j dVlaJli qx>\l Accept ^^Li'^ll 

state: = 1 
ch := next input character 
while not Accept [ state ] do 
[newstate : = T[state, ch 
if Advance[state, ch] then 
ch := next input character 
state := newstate 
end while 
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I jjj jac- / — AjjJaljjll <LujjAa /^jlxl\ 4u1£ — AjlaL^. 


if Accept[ state ] then accept 


AjA*JI £-a ^c-aLjjjl jjSj ^alAklml A i'll ^ .a] L]1 a£ j ^c-aljjjl jju^j jj.a'ij ojJ.'il AiLijiail oAA j 

SaLij £js dVl'a'iiVI J j W ^yy oAbj ( J AlfLdall jjj£L jSJ j Aq\"iy,a\| A i.a'iy 11 A JiLall AJiLa jj^l j/a 

. A_id^Jl A-JILalt AJiLa jj^/l Ig LajJajj Jill dijldA-all i—Sjja. j dVLaJI AAc- 

Jj j<-il y 11 0 -aljjjll aIAc-I jja jSLaj A Jy 11 jjc. A JILall AjiLa jj^M jl ^jjjajj i.j\i JJjll ^^Sj 
jjc. A i.a"iy 11 jjc. A_JiLall AJiLa jj^l jjSl jfLl J A i.a"iy 11 A Jii.all AJiLa jj^/l £js <LaAy"n,n.all jjlall (j-aiij 
^Jl y i (jilt ^Jjjjll jli LIIaI .lA jl dkl j-a Aj V d^lali^l j-a Aql'iy,a Ju^jLai oAc. Aa>jj Ajli tA i.a'iy 
oAA (JlLa j/s Jt^j L11 a jV j (_£ji.VI dlVtSuVI (Jy mJ jl Aj V A Jy II jjc. A JiLalt AJiLa jj^l 

j-a Ajli A Jy 11 jjc. A JiLall AJiLa jj^I (Ji'Jil ^c-alijj AIAc-I j-a ^/Aj3 IaJ aJLlS jjc. j A'liki ^oaljjl 
La lAA j ojJljU JlLtS j Of.laS jii£J ^-aljjj ^ Jy A-JiLa AJiLa jjl Jl IJjjd Jj (j! jjJaJI 

. JLill a- jjl A-aAiLi i Sjjoi 

A Jy A_Jila AJiLa jjl jjl AjalLall dl jjJill (Jjjjvj 

ig in i La-a j 11 J A Jy A-JiLa AJiLa jjl jjl Ajailall dljjjlll (Jjjaji A_isJ jjjjAiui £ jjl lAA jj 1 
Jdaj jy i3 Ll] A] jjijill oAjAjoi j Aia j» . .o-q A xii-»1 Lajl Cjl^n*j]l j_jl t . njaaj (j^] J (jiiljLaiLa (jLjiiVi j_jl 
La tJlc- Ajli djlA^jLail ^j-aLiJl ^-mLall A im ilL Laiu A-alaliLa]! dll^nadjl (jC- AjLa jJ^l £-a (J-aLtii]! 

j t_Ujoi]l 1 a$] j A iLi~vll A j^lLail AjLa a-ljj ^^3 j^jLiiil (_Jj 3 A-aialLall LLl^nadjl ^a (J-aLtjilj IAij 
jdjxAil Jjj-sM Ajjj^la J 11 ^jjj]j A_i/s!ry Aj^lLa AjLa jjl A-alallall Cjl^n*j]l 

Aj^lLa AjLajjl {^g& Al^.^ail oAA j aLh j Aia>.^a (JiiLi. (j-a L1 ]a ^jj (jl A ix>1~s AjfrliLa AjLajjl ^Jajxa]! 
Jjj^ii! LliA Aju AjLi-y JJC Aj^li-a AjLa jjl aJaHLajl jjiat'ijl (Jjj^jij IaL jjl ^jja-aj AjLi-y JJC- 
jxs jS^aj Aij^Ia A^Skj j-a ^C-^lLj _ A i<a'i~y A-^liLa AjLa jjl j^JI A i<a'i~y JJ& A Jg'L-a AjLa jjl j-a 
^IjiCLuil (JajaSj Ajli Aij^lail oAA Ajtoj oAjaii j^] j tojAuLixs A Aj^jiLa AjLajjl j^j ^JalLa]! jijat jll 
Aj^jlLa AjLajjl Jl (Jja^ajil A*jj /ojAuLba]! AijJail alA^lLml Ajc. j ilkja (J 4 * J 1 C 5 ^ AAjI mil A^jJail 
AjLajj^l JM (JjlLail ^-aljjjil f.LliS jjLoi]l a- jjl ^^3 oljusA3 tjAil ^-l jLoiVI ^lAiCLoilj ^ajij A 
A jSLCLa dll jir^w AjiijLi (Jc- Of-ld Jj dlj J^]l (JJd ^j-aLiJI ^joiLa]! jl j Vi > *t j L1 ]a j-a j A jJLajl 

: jLili jsdii j, A^djJis 


NFA <J] J^iia jjJ j>s Jjjdill 1.4 

jjt A jJLail AjLajj^/l ^Jl j>^i3 La (JS d IJjjdi Jj Jada]l jij» jll dl jLaC- j-a A_ilaC. jS jl 
A iLi~\ll JJC- A Jlail AjiLa jj^l j-a A \>^>q Lajl a. ja.VI Llti Jj cdiA Aju J 1J AjLlLa]! A iji'i~v\l 

jA jLiil ^Jj^aJj jlail JlSSiVI n.iL oA^.1 j A iLi~y AjJLa AjiLa jjl J Ig -y jiA j (Jjjyjll j-a A^jilj]! 

. ^ L V I Jiijail Jjj*j]| (JjLsj Jill A at xiy .all A ddJI JJC- A JiLall AjiLajj^l 


A jjjjaajil A^aialLail dljJJxjll 1.1.4 
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jiiljUC. jaC. / aI-AC-) — AjaJaljjil AjjjXa /^JaaJI AuiS — jA,Lull Ajt-aUi. 


Jlaj Lajjj Ajdu'il LijjA. dJ a Jl (Jii-aj dna. 0 ji £ jl a (J£Jill JkL 4 JjJjuall A-aJiiiJI dljAA*Jl 
(j3l aJalLall jm'ill 4JU j i S jja 4-LmIm (JlLaj jla 0 _ll Lai Ai. jlsll i s j^jaJI 4_LaiLoi £ _ll 

; JLill J£2 a 1! LiLi aLUL j^jII |\| FA Jl jjli a Jl i— s^p*. jp jj jSJj 

| ( _ 5 1a Lafi jjjSL 6 Jpjll (j .a > .o'l i ^lill ^JaliJI jm'ill aJaULJI |\|FA 31 jlj AijjjUl (jJ'nj 

5 -iJl .2.1.4 

jljjjjtj (jjllLaJ S J f jp Clipw rs jbalLall jm'ill (JjIsj ^jJl 4_piaJl jac. 4jg'li,all AjLa jj^l a La AaC- 
AiaLj LaAaLiA ^aj A3 LaA jUA 4_usaLkll 4_p!iaJI jac. 4_igjiJI AjLa jli^l (jl jdjSAj Igjli -d. ,^2 jLalaila 

jLlUl jj&Jll LaA jl£ 


jac. A AgiLall AjLa jli^l (jli cJIa Aa* 3 SA^I j aJjJp <11^. ( _ s 1e. (j-daliA 1 -ag La jU jl jAaljASL cJIa j 

I^JLilU (jj£lui rs ^JaLiJI jjj*31 aJLUJI a j .a'i-vll 

aJL^. ^a r ^Jali-JI jm'ill aLULJI 4 p"i*sll jac. A AfrlLall AjLa ja jU aJjaLJI aJLsJI Ja^^ija f n-s. 

jlsll JUljVI ^lAidaL S (J^iJI jm'ill aLUJI 4 A .a'i^JI jac. 4_igjiJI AJiLajliVl JL 4 >^il -yll 4_iIaJ 1 
AjgV'J I aLLs J jbu aJaJI aJU ^a Au^jJI jac. a ;g r,J I 4jL« jaVL a^LJI aJaJI aJU 

AlLaJl j^A d^-li^ali A-iiUl 4_pAaJI jac. AjgjiJl AjLa jjjU aJjaLJI aJLsJI Lsaaa 4juap-JI 4_pAaJI jac. 

.4 » <a><aH 4_pAaJl jac. 4 igl'i-all AjLa jjjU aJjaUI 


Jj'aJI jyj jLij^VI 3.1.4 


IgJli aJjI mil ^_jaj^)ill (_paj Ca^j j r | S ^JallJI _j]j»‘ill (JjL- 1 A i Ji~s\l 4 ig'iixill AjLa jj^fl a-LJ 

| LaS jj jJli t u 

j 4»x>-s<a" ApaisJI jjfr 4 ig'i'ixill AjLa jjjU 0-Aj.lp. Aj^jLa AjiLi . j oAaAs. AjIAj aJL^. AiLial ClbaJ i."n~s 
_jA LaS Ai. jlall CllVlilAVI ^LV'n Jj 4 ill'll! j j^/l ApxjjJI 4 A^llJl 4jLajj^/L La^lij-ajj 

.(jjLJl J< -Jl ^2 


jl >usll 4.1.4 


l^jli Ajjl mil j^pll Ca3 JJ r*jJ=JLJ! jjajlJI (JaL- 5 A i Ji~\II JJ& 4 A^llJl AjLa jj^l aLj ^jc. 

: JUI JUll 

Ap^aJlJI A_ixJaJI JJC- A A^llJl AjLa jjjU (jljj^p. aJjaLs aJL^ j AjIAj aJI^ Ail_Ja! I >>iil La i"n~s 
djVlilAV! ^IjlSCLuiL r ^JallJ! jaajLaII aJjIU! ^ J^l A i Ji^>II JJC- A a^IIJI AJiLa jlV! ^a La^jj^ajj j 
(JiLaJ JlaJL ^jJajAi jA LaS Jjjil! “'ll ^ ^a LaA jU ^^3 AjIAaII “'ll ^ Jjj-ajj ^aj cJliJ j Ai jlal! 

. jl jSJ! Aulac 


A_i^JlJI AjLa jj^l j^l lg-Lji«j A 19 a£ A3^)*-a j A aJoILJI dll jip'ill dll JoC- ^-i-ap. j)-a al^JAV! djj jjV! j 

Ig JaJjdi j£-aj (Jjjdil! jj-a AjaLlJ! 4_idJl jjc. Ajg'iixill AjLsjjV! (jl ^jll ojUu'^l L- Apj 4 j dall jj& 

: aJUI JJiLaVl Aad jlo, La IaAj JIj^V! (jdxA 
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jjA I jjj jac- / — AjjJaljjll <LujjAa /^jlxl\ 4u 1£ — (jaLull AjlaL^. 


12 

I Alim AiiiLuill Jij^jill ASijla} Cs9 j A-laiaJI jic. Alfrliall AjiLa jlbH Jl ab | 3 fJaiiall jiiaiill Jijisjil 
J£jjall jlAaA im jllll! j b J 3 jj«alVii«9ll jl jllaiill j/a Jfll A-llliball A i.a"i*\ll jic. A Jn.a\l AjiLa ji^l e-lill 


iaJl jic. Aljiall AjiLa jjJ jli Jliillij 


\ JL) LaSi jjiim gb ^laliall JlLsi Jill Aln 

J^jjill A^l lui jill j ab | A (_g.mLu)Vt aJol i.a\l jllaiill <LLULall A i.a"i*vH jic. AjiLa jibU Aijill ^3 (Jmail 


:JU' 

13 


JJC. AjJiall AjiLa jlbH J' «.lil jSuai dllija-all (Jlal jill letter (letter | digit)*i ^laiiali jllaiill 
JJC. AlJLalt AjiLa , jjVI -5' aIac-I AjIaJI J lAii jli JiLoill c_ijLab/l (_>iii alA^iuil l <1 JiULall A jul-y'l 

; Jl LaS letter , digit jjallall jijiiaiill ju !>l£ JlLsj jill A-laiaJl 


J ^ letter | digit 


ill jjjajll <LULall A i.a"i Jl jic. A iJLall AjiLa ji VI f.liii ^jki J 

:JVl 


: JLillS (letter | digit)* ^ laiLall jlixiill (Jilsi Jill A i.a"i Jl jic. AjiLa ji VI f-liii ^ jii illi Ajiij 


letter I )* ^g-mLm V 1 ^Jajlall j m'ill JiULall A j,a'i Jl jic. Aijiall AjiLa jlVI Jl Aijill J Jmail 

: JbH Jlmll A^bm Jli j lettep>(digit 


DFA J' a Ac. JjISj 

^Asi Jii 1 ^ lie. i. - )\ x i AS A AigjiLa AjiLajil jJI JalLall jiiajill (JijVn A Jl AjLLoill AlLjIall j! 
AjiLa JVI JJ lilmaj ( 10)J1^' VliLaS ^ jVUI ju jliSI La A^. (Jl oAS*-a A ih"i~n A jg*i ia AjiLa jjl 

; 3* JaiLall Jllatill (Jjtaj Jill JlLill A jul-vll AjJiall 

\ JjAll (jjtiil ^ Jj jl (jSi-aJ Ailbn A_JraJI Aijiall AiLajj^l (jl (J 

j ^al A 11 ^joiLall ^Aijiuiall DFA <J1 S^tiS J J^l '-— I'jf t- 2 w AAc- j-a jjSjj IjjS j-a J. jll (Jc- 

Jill A in"i^>ll Aijiall AjiLa ji^l a-LLil JjaSull ju Aili adlll Auljl (j-« Aj«_j ClllAjLall Jl — «al 

AjJia AjiLa jii (_^1 jli AjiLa ji^l Jjiai ju AulA A ~s u i£ j Aajsall j dlVUl j-« AAc- Jsi (Jc- (j? jiaji 
Jjjla 1 mail illiA j CllVUl AAc- j-a jA^l aJI ju jjji oAi^ j Ajul-s AjJia AjiLa jli 1 ^ Llai Aj<a'i-s 
ASijlall oAA j ,A in'i-s AiJLa AjiLa jli ^ \ ju o?.laSll Jllc A in'i-\\l Aijiall AjiLa jj^l oAA Al^ibf ojulia 
Al jilall Ljlb?Ul jurnaii ( J J^l CllblUl j-« jiic. «.Lmil Jl i."n~s JlLia jjajjill JiSll lAli 
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jilljJC- jaC. j jljc.) — A-uJalj^)il 4ji£ — ^j-jluli 4 *. -aLy 


Aailill i~ - 'VUT'\M ^jA-y AjuIja _C1jVIj*JI C 5 ^W *^1“! (jAjjaJJ IaIjj tAjA~i-y II AjIa jj^I ^ 

g i—s^jal] A ~y iVi JliSjj a1jj3a]I Cj'ilaJI ^ia-n (_£ j] jjlSi lili Aj-laj^l t— a jj^ jjA (_]£ j > s 

A 9 jl mil Cll^/Lall As. ja’V a (JaaTu o.1^._ja aJ^jL« Alla*. e-Lojl ^jj Aili aI^La]! CllVI-iJI (__y a*-J 

A] jjLall ^ia’N (_£-ll j_jl£ Ijl c_j (jri9 nj 1 g j ^gll l^La 3 1 Sjal] A \ n j (Jlijjjl ^gic. (j .a > ja!i) 

4 -yj'i j JSSjl (jAjJajj 0 ^ ja A] jjLo AjLa. e-Loil ^»jj Ajli A] jjLo JJC- tllVla. J] (Jl£iil 3 i—S^jal] A a»jjj 

^3 j£] j Albl mil a]jjLo JJC. CllVl-iJI Ac- jA'y a (Jaamj ^gjll A at a'N a\I aI^jIa jjC- Alla! I ^gll 3 1 Sjjbl 

^gll i_sjaJt jjjiill A ■yj'n (."'VUT'l ^.jj (Jjj£]l Cli'iLi. jjA (jjjlLa. (jV lilliA jl£ li] Cli3j]l (jAflj 
(Jliul e-Lojl (jStAJ V Ajli j^jJ V J Jliii) IaA-I^-V -l^.jJ jl dlVI-sil j)A (j fill A a (jjJC- 

Ac_ja 2 aa ^-» nnq'i t—J^J (j A» 11 ^gic- (Jj aJjJ3a]I oA^I j Ac- jA-y a (jj'ill ~y II lillj £JAali] jaw . ^a 

11a (jc- 0 jUll (JliuVI l^-llj (Jjjj ^gjJt JjAA 3 j]l Alla. t— kiA ^jic. dllc- JA^A ejC- J) aJ ^ jlall (JliVlaJI 

jjA Cjljlry II ojlc-l j}A AjV Ajli CllVlaiJI j)A Ac- ja'V a (jl t _ 5 -lc- jjVi; bjaji jl! (JaSj j 1 S^)iJI 

^gjj (Jjk^aj (jl AjL^aVt AjaIJI Aj^ua]I AjLajjSfi Cll'^Law As. j<\ a! ^u.iV'll ijUi CS^" J )- a ' 1 * “- 1 J AjIaJI 

^gJc. j A A i^TiaH AjLa jjVI ^^gJI l iLajj j3 lilli Aic. niiViIl Ajua (_jSaj V ^jjaj 

A ia"i~s\I A j^lLall AjIa lilij Aij^jia 1 S_jjoi j jjc- (_ja j^JI 

IjjJljll (jJl!La]l JAV'uj \ 


:18 J^ 

(jA Igjli dllj^SAllj A_AsaliJI J JjjLoJI (JliLall ^^3 LiL-aj AjaIIsJI A_i^ua]I AjLa (_> ia j )SJ 

aJ jjLJI CjVUJI aJ j^a CjVU aJU! *£1311 CjVUIIj ajI^II aJU ^a U^l cj^U a^J 

j^. 1 Jliijj i_$\ j digit jl letter i — <ja iJSJ a aJ jjLs diVl^. Jj ciiVliiijJ 

AjIa oj ^.1 j aJjjLo aJU. ^3 AjjjLttll CllVl^it A& jana ^ia-n'i (_jSaj Ajli I j^J j JJC- 

JSjaII ikb ^gjll j Cj'iLaJI (jA ^gjjVl -jail ^jic- (Jjlaj ^gjll A-IaIL^JI Aj^TiaII 

: (19) J^ 

( a I £ )°b* ^JajlaJl (Jjlij (_ 5 ^' J A Ja'I-vII A j^TiaII AjIa (_yajh 

ill] ^ja-v (J j] JlEil jj^. j Ja^^lj iiili£ j AJ jJ3a j^A CjVl-iii ^ia-n (jl iaj (JliLall liA ^gis 

aJjjIaII Cj^/LiJI As jA-y a ^ iA-y'i A ijISa) ^gJI jjjouIaa aJ_jj3a CjVI-^. (_gJ) b *— 9j^il A ~y 1 V 1 Cj^l-iil 

A ~y n j Jlijj) (]_) AJUJI (jj] Jais j^.jJ ‘•~~n~y in (jjlj 3 <J^ t — (Jj^ J " w J-* aIjjIa aJL^. ^^i 

A^jj^aII As ja^a'I f . jjASJ jjA Aj^ Ajli Ij^J (3) aIUJI j (2) AJLaJI jjA (JS (Jj] tillj 1 aiij 3 

J (2) (jjMl ~y\l (j a > jalij (jl ^^ic- JaS3 (]_) AJLaJI jVI (JajaJ (j n\>^>9 ia (jjjc- jAy a ^gjl Ajj ^qAll ‘■'~' V ^I a-IS 
ill] ^ju^aol A nn~y a\I AjaIsJI A i^TiaII AjLojjVI (_^i oj^.^A aJ^jLo Allaw Ig \''Iai ijj^.1 j As ja\ a ^^i (3) 

l^gJj IaS Cj^l-sil j)A ^gjjVI jLail ^gic- (J jlaj ^glll AjA'i-y II A j^TiaII AjIa jJ^I 

Aikjal^jjS'^l AjlUIj (j ^->1 A II CIiI^^aI! (_Jl — ^ f.Lajl 


Ig'njljj CllAJ ^gjll ^J&UaII (Ja£j(J (jUI ClIjjiAll — AJ (J^» I All ^Olljjj]^ jljc-l f- (_gj jjjj 

jjVI ^jJajjjjj (_gJ ijVl jll (_^3 ojIjaVI (jjljoil A_iijal jjS^I Ail] A nn j]Lj iil]j ^JJaj j oja>. ^j]l ojA ^g 3 

_^SkjjA]l jjA f. jail Ijg-J AiLtlbl A_iiiiLu]l Cjlc-^ja ^ ja]I jjA jjc- AjIoSIIa 


81 




Compiler for msc of cs 


A1.11C. jaC. j -ll-la) — 4-iAalj^}ll 4ui£ — 4jt-al^ 


^ _jii (ji LiA 1 n<ag a j 4 n^ii^ysVi 4jt_l]l j)C. A ia.lml]l dlLa (j^-»» 1 »1 jaC-l JaS3 ^aj j*JI eA^ _jll ^^3 

(j-ajL-aiJI J Igjl-i^La i aa^pj (jc- (JxlS j£ Al 4 jl 1]I Alia (j-aLiJI ^^lll-i^La]! Jfilg ll AlA^i 

\ 4-imLui V I £-1 lia J 1 g 9j i k ,o'i £-a 4_iAal ^jiisVI 4jt_l]l dlj^pa (J.-tnL ^JLill (JjAaJI J lg-1 4jajjjaa]l 


^jAal j i» xi IgJ o dl a K 4-iiLaii lilLiA j dllc. jxi-vxi 4jl 1]I Clll.i^jLa ^-» imii ^aj 

^ajj 4-lml-mV I Ajujj'i] 4_llLuiaJI l"ll l\.a» \l (J/uoU A >.ol -j jjasj O^JjaiC- 43l_Aa'Jlj 4_llc. l S jl.».‘i«a j 

<La^lc. j (_g j\ mMi <La^lc LaA 4jjlLa]l All J.aC. jps Ja53 jjLij] Ll]i £ j A ~s i~s >.oH .il.ic.'jl lApl^^l 

A >^il -n\1 jjas^l ^)-a> j_jl (j<-»j>.oVi\' j <L jiLail Ai^lillj ^1 jSVI tdjlj JaVI 

alac-^l LaA dla^)La]l jy3 ^pa. jp> (j^jSuj ( _ s j]I (j.-» n.oVi\i <La^lc. 3 ilia-aLl A^.1 j i Sji jps (j_j5uj 

(J^.1 (j-« dllS^JLAjI l_Aajl j 4jJjat*JI ^aliij'JI jps 3^1 ji A^.1 J (j-« AXailm jpa (j_jSijj 

.JaS3 4-1, W j V I l Sj^jaJI jps 3^1 ji A^.1 j l S^pa. j)-a 4_LoiLa) jps Jaiumll 


A^.jJj (jjjl (jJJ 1 g » > >>j ^alu dlajLtlul 4 jlUI (j^sjAalu dlj^jLaJI AiLAaVljj 

oa^jLall dliLuKul (JajAj f.LAajjJI dliLmail (j-a ^ I ^iljAalj 4il]! oAgj ^^-alj^jll (JSjoi ^^3 

.AjAiJI ^)iajai]l 3^^) ^ jJjjIj o3A*JLa]l dliLuiall j 

4jLajj^l 3l3clj ^a ^jkj cd]j A*J ^aj 4-aialLaJI dl^ljatMlj lAii (jl (jAa^jjLalli 4jil]i o^J ^jaiLa ^Laja^gj] j 

^ ^aJ (_ 5 ^i <L)^)lai] liaj l^J <LlLaJil 4 ixi'i-v\i A j^lLall 4jLajj^/l ■‘LidaJi jjc. A jfrlLall 

j)Sl J dlajLtj]l i jJajij diij*-a]l J 3l3C-Vi-J 4_a<aliaJi A <al-»"i Lall di^uatllli (_pajC- (Jat^i-J ^ali 33 j (jjLai]l 

Lai A L»1 , aj 3^ ■‘daLiJi 4-aialLa]i di^n*j]l 4-su'i lA3Aa<aJ (jd (_ 5 ^ ■‘LiAai^jjaVi 4 jlUI 

i Sj^pa. Alualui (j-a (jj^jj I g IS jjV >«ji 4_jlc- l^jli djIa^La]! (^LiJ ■ £ U_aLaJi 4-ajalLa]i di^n*j]l 

^a j'q 1 > ii A A jg'i La 4jLajji ^^Ji ^i (_paLkJi jj^j-a^i j)-« VAj 3 iAgJ 4 jjIj 

^jlili j ■daliaJi jjaa^L IaiIui j Clli jJtL o 3C- Lllj filial Clil2a tOJjaiLua DFA Ji 3l3C-L 

(j j)^'i > ii l^j 4 >^ii -n\| 4 id^i 4 j^lLaji 4jLajj^i (ji-3 iAgJ A^.i j i (3® (j-aj^-aiaj]) 4^a^lc. »i jlliuilj 

4 Li, ,'ljjj lAAjAaj ^alujoi (_5^i dla^)La]i jjjj 43^pj]lj 43tlda]i 4j^jAaJi dVLiLi ^a jVi > ii (jjLaJi J-iItnoII ^^33 

(j£-aj 4jli I g j if- < a ^ptliii ^aj (_5^i o3^)3aajl AjAd] 0-aLj^)j]l ^^3 A^.i j ^aiAkiuii 4jl^ ^^3 j ^joiLali 

(_paliJi f-3r^i ^sLAal adlj Aic j)S-aJ LaS oA^.i j 4jjJ3-a 4jLa. ^^3 43jLai]l 43lllia-a]l 4jjjLali d'^i-sJI ^'■a>'i 

l^i-! La£ ^ n^iM 4 lo'i^aji 4 j^lLali 4jLajjVi (^Ji dli^p-ali j Ai Ac- 1 (J 
4 1 -a'l-vli 4 j^lLall 4jLa jjbU (j-aJa ■o'vMi 4^a^)l& j f-Laduli dliLaiJl j dlaJjtjH 43LAaj Ldji j)S-ajj 

\Ji ^ 


t_j 3^i L^-aai lillj jjL/ 4 q j\ m\i 4yaa2a. 4y^lLa 4jLajji (JI ^2 a jj’V'soli CllLalSli jjJAAaj ^ajj ^ J 

dlalSli (J jA^. ^^3 ^-ag 1 C- i L^i! ^aJJ lAA A*Jj dli^p-a]! (JlLa Igji (_paj'' 1 3 , “ l CAl^. dLalSli LUj ^a (Jxal at'ill 

(J jlAa. aiA^iuij 4_iiiS (jia^jfc Aic. (Jj 3 jya 4^.^)jai (jJjai La _jA j dlli^p-a]! o3A (J ^jj3 A*j a jj’N'soli 

_dl3^)Lall (Jald aLilil 


^^3 J lA3 jaa. J <11^. ^2 dlj^LaJLi 4_a<aLiJI (j^i'il >^T*a\l AjAaA Laiajl ^joiLall } 4-alc. 43a^ajj 

j^a^l <J jAi. dlli^p-a]! 43Ljaj (JlLa dl<al j )^.'JI (jdat J Alii ^ajj L-ajI (jLiaa^l (_ya«j 

^aj (_5^i ®Ajiai! j)_9^j C5^i 1 ^Ljiiui lAAiAaA ^alu (_5^! 4 ••ail jjli 4 n^il^ysVi 4 jlU 4 n^i i\Lj 

J gyle- 

4 a^al! (Jj liaJ 
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<LujjAa /^jlxl\ Aai£ — (jaluil AjlaL^. 


Syntax Analysis 

dAd (Parsing) t_iljc.yi Ljab ^gAll ^.jbAI (Jd^>A jA 4d^>A]l bAa a a^ a jl 

4jiAj 4_»^aLiAI 4-jj-s ill £_ia*a]l jiLaJ ^jj di~s 4 'Ia-n jj .Aja]I ^caUjAI J^j g j 4_a<aLiAI ill «j-dl 

Context 0 ) c iW' A-jjdAI -^' j* (Grammar Rules) djd ja ^ jJ' 

f-liil IaJjjaj ^jj ^gj]l dbjLAI 4 A£ja a A.ikluiA]l Aijjiall a ^)\ jAla AAjjIoj ( free Grammar 
. (Regular-free Expression) ^uI a dl jjj*a Jib <gi l^Add ^d ^1 j db , jLJI JJd ja 

dljA-mJ ^Addj ( 4dL!AI aA^.j]l b ^ j A ^gjll ) (jLjjuJI 4 _JLaAl 4jjdAI dclja]l jl jA ^C.j]I (gAc. j 
4 _ij)*\'i\l dclj£]l jji ^2 1 Ag lu ( gjaidi'JI jjall jll j 4 aA-»Tia\' dl jjjdAl ^2 1 ^Mj'iaI A^jUaa dbLaC. j 

(jA 4dL!AI sa^jJI ^gi 1 i-s >>»jl IaS (Recursive) jIjSjjI ^dld (gAil d-ljillj jUdl 4_ALiAI 

jljlAI IAa j 1 g 1 a 4£. jAIa jf jaI jl adc Jj^jj ^ajoU jf jaI J£jA JHaII Jjj-ui ^AjlS 4_iaL(AI e-dAl bAa 
^ gfl A_a.1^Jjaa] 1 dLiAjjl jiAl jlA jja]l IAa ^gA) ‘Lilda'Jbj 4 aI-VISaII dlj;;.MI ^g3 4_j ^ jajaa JJC- 
a Add Lgjji ^gi dbjLall Jjid dLlAjjljd jC- t Aaji <■ alid 4j-y ajJI JibJI bill ^gAc. dbjdAI 
4 jjI jli jjli jl t jJaji L. i-nj 4jtAI 4jjd]l JibJI Jjjaj ^gi 4 AAducalt dbLiAl L. nSI jj j jljlAI 
j _gA 4 Aj^ja]I bAa ^g3 4-imLmV 1 CllljLiJI 4_ii£jj j_jlA IajaC- j _Clll^^)aA]l jJj : 'iA'i <11^. ^g3 LaS. 4 iAtn dlm^ j 

_ j~s ill a j'N au jl ai j^gAjoU ^jl ^ >7iV I (JISjaI (_ja i_JSjoi 

4 j\a& 

1 g » A ) Csj C1 iIJ j )Aa]I (_JAi-« 4_Luail jl 1 g ^lljj ^jj CIiIj^jAaAI (_ja 0ALj^J] (J j~s ill (J^j^ ll AjdaCi (jl 
(_AjAaj 4 A^.^)a1 4ajoiLoiVI 4 Ag a\I J<j g II cdlA JIaj ^^All j~s 'ill a j'N >7i jl t_jl^)C.VI a j'N >7i aCAijl jjA 
Uljj (jl (j^AJ t_jl^)C.'^l 4 )Ia& (jlj I^J J _tajLai Lj^jSA IaS t_ll JC-VI 4 A^.^)aj gA. Aj La jl 4-jj~s ill | XJj^a]l 
CiG^Aa]! (JLa-A 4jajoil L a^J jJ ^glll Cllb^flA]! j)A 4 juLi1a]I CllA>Li.AA]l Aiklj ( Function ) ^ijAAj^ 

I g iS\j ^jjaiLiA cJl^ 4qiAi^]l lillil CjI^jAaII 4 at jliiLa f.LAaC.1 V tJlc- j j~\ ill »a i.'~ll •y j~~v aS 
^ J bllA (_Jj 3 (J-^ J ^1 il's^/l Aic. 4 a]Lj]I aJ^jiA]! L. lAAallS dlb^Lal! (JA~s\i 4 >^il -yll 4qiJ-» ^j]l ^gC. , Vi > aS 

^ l^. jJi ( 3 ^ ^1 j (One 0 pass 0 Compilers ) S^l j ^ ^ uU jlJI AAU 

a^jAiA]! Jj] jj L^j3 Laj ^^.^jIaAI (_^^kVI ^ia’N (j a > > iV' M l J^y\ 'aI^ja (jli 4A11A]I a^ jll 

t.jl^jC.'^l 4 AaC- dll jAtn (jj^ bllA j LiAaJ ill aj^joi aLAiuV ^l'i~s j V l-l^A j 4 as^.jj]I jjA AJ^IuiaII 
lia. i."ll a’N^jIa]' jjA ^_^l IAa (j^A J Lladajl j LaS ^gAAjJa (J^ d j~s ill a j’N >7i (Jjaj I g d 

f aLlS lAaLAiul j~v Al aj’N >7i jjlj AALiJI bAa ^gi j (J^Ija e-lc- jjA (j^jSlii dl a’n^jIa]! l. Ac- 1 j 

_^2k.jJA]l jjA 4 a]LAI (J^I^jaA] dAAdiaS ^Jdlld 

L^Ajjju ^Iij La Ldb a j’N >7i\l bAa j 4 ^ajAI 4jiA] (_g j~s ill (JSj^ALj JJjS (J^ d ill ua (_]SjA Aajjjjj 

) t > 4ikb sic Ji jjjili dii=o ( Dynamic Data Structure ) ^ j^Aa dbbj 4 jj£ j & 

4-ai.jill (J^.Ija (J!>d 4 jj\]~iaII dUbil jAAaLic. jjAdajj ( Fields ) J ajic. (jA jjjib ( Record 

4JLAI 


4_iAj£ ^gA dbjAAll (Ji\~s'i 4 I^.^)aj 4jjLAa]Lj t_jl^)C.'^l 4la.^jA] 4 Jjdlb 4 jj» . .o jjiVl (JiLAiuAI A^.lj 

dbjAA jjA (_^^/ (gd V (_^A1I 1 sj^^JI Ji^.1 1 sLAuil dc j db^jAa]! AJL^. ^2 aLLdVl 4 \l » a 

AJL^. ( gJ LaIu 4'iAg a (Jl aS"i > iiV 1 s^aJI IAa (g Arc'll LAd J J^J -IiAj AJLoij jL^Jab 4jli 4 jlU1 

jjA d V Ldajl (jil J LLdlb jj^jAj jL^Jaj JaA3 (_jaJ l. JJ ad ^jaVI (j^ t_jl^)C.'JI 4 I^.ja ^2 bl]A d jd 

^gjl f.Llad'JI ^ ' a ’N j 4dli 4 aL^1' (_ 5 ^ JaJ t-jljC-'JI 4 juL1a jjA (j£uAd ^gd OadJI IAa jjA a Ladd L/ 1 

IAa (jfJ J cLlai.'JI (jA LALd d-aLj^j ^»dJ jl clAadVI a^A t~\ i~\ . ^ jiAj jba.'JI (jdu ^ 2 j ^d j 
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ailjUC. jaC- / 4aj4-a 4uiS — A x a\. y 


ji ^A »1 LdVI ja f.lajuluj'^l ) 4-iiiJaJI 4 i*sl ill ja ^»lgJI ja^l j 4 ]a.lmJl dVbdl ^3 dd^J 

Jgdl ja^b (jd lilA j jUa^l jdL ^ \» qll lldJI ja jjSL La c_j^jal j 4ajg 9a LLiiJI 4jLoij j^jfL 
.ad^ _j]l bLa ja jd-VI f. jdl (_s^ Ji^ada Jbd 4dajC- aJJ > a3 bib ■‘LixiA^/ i jJaj j 

Jdi J] tg ic.i ja t—lljC-V! . 


db ,jLall <LaLa d jc.) <d ( Top 0 down Parsing ) Jd eA' <^' l> m' j^V' ^ 

_jb ^joiVI l.ig-J 4iLljla]l bLa 43 j jl mill ^ >^i3l ja jblLaiVb 4_adill dll j Its 11 

ji jliic-l ( _ 5 -lC’ bib j Igjl jji ^gd. j a j^ -'.'ill ja bdl ill ojda jl C_]l jC-VI Ojda (Jib (JaLlb 
.(JiuiV jj£i ajdull (Jljjl Lad ^Jr-V jjfb dULull t- n^ljii dU a j^. dl jd 

; jjl<L* db ^jj (JLoiV ^gicl ja cjIjcVI j 

j (Backtracking Parsing) gr*-J jJI <->' j^V 1 -1 


( Predictive Parsing ) csjf^' <->' j^V' -2 


jl -la.! J al^iluil jjjia jC. djlidall <LaiLo ^ 4-llLill 4_djlllj jdll ^JJ jjdll t_lljcVI (^gij 
^gk Lad Lada 4-llLill dbjial! ^Jc. dj*jll ja j^aTil ( Lookahead ) daLa'^l dljbjall ja jlifii 
^gi Jdll die. £ji.lj2i dj-v d LLb-lall C-lljC-V 4-aldall d^l a'i-s^l 4jjd ^jj ^gjcaJjjll djC-^l 
c_ll jC-VI ja jdjM Jdall I La j ^abmll Jl al's^fl ^^11 Jjaajll jjd d^l a"l*s VI ^^sb 4jjdll JLala.1 

"dLall bLa ^^3 <!Luil jAj (jl j 4 ilaat II 4 i~sl ill (ja C- iml la JJC- 3^-3 blbl j 4jSJj *LL<-3 

C_ll j )C.'^l (j^Ja (ja (jjjjdao da (_g j jVlII t.jl^jC.'^l CJ^Loil t _Jc- Ja33 lidajC. j > diL i j. a j 4_iai3«Jt 

(^Jjljjll CjljC.'JL (_g-ajd ^JjVI Aij^JJI -( _5jjjJI t_jljC-VI t_jjLal aAilmJ LaAjl£ Ji joiV ^Jc.1 (ja 

LL (l)i ( Recursive 0 Descent Parsing )l5j'j^' 

id JJOI J Ljd lA^ld-j ^JJ (d Jl i-jIjcVI ada j a-LauV <lmlla ^ijjia jfi*J (_^jljSJI J jLnll t_jljC.VI 

C5^ j ^ l^J' * j=J' LL (l)i l—ll^C-VI ■ £ bj^)ia ■‘Coilj^ ^lu (jl ^^ic- ^»jUI a jaJI (_j^ 4dajC- ^jj 

^L jai^ I C- iml la] I (ja 4jl V) 4 ilaat II 4 i~vl Jl (ja ajjiVI 4d^)Ul bLa (jjJaj 4jj» (ja ^C-^JI 

(^i 'dj^.jJI JSLdJI (_ja*j 4£.Liaaa d-LoiJ l^jl laS i»_ilj&VI (_^3 (Stacks) dl m.^all ^IdadoiV 

J jS/l "L" 1 ' £ b^ (_g 4* j jjl adiil LL (l)i -J AijUl bLa 4_ia ml jli La jaC-j 4d^)Ul 

jU 4 a jd II t.jl^jC.'^l (_)dj ij bib j jjalll ^^Jl (Left) jl ■mJt (ja ^JJ djli^all 4 II at a jl 

^jIL ^ jii Igjl ^Jl jid 4jli (_gjldl " L " dja. j jLaJI ^Jl (jaJl ja d , jlidall 4 ■% II » a I^jS ^jj 

"1" jll Lai djliiail 4iaLJ ( Left 0 most Derivation) jl-^J' cs-^' d« JliiLiV' dljld 

JUa j jl i -'ll C_ll jC-VI oLdiL j;"iH djlidail ja ada.1 j aJjia adilmJ 4jl 4jli jat jS^I jjj jJl 

- jl.nll t_ll jC-VI oLdL j;ViH dbjia a d. adilmJ j jii Ajjfii C_ll j&l jj Ja 

(j ji jSsii Jjiiiii jtV» . 


jajll 4_ij)~v Jl ad-UI (j jj 4jjS 4 Jajjaj BjfaS (jjljSJI ^^IjliJI t_jl jC-VL 4 >^il ill BjSJI jl 
4jjd]l ad-taJI lillil jajSfl djUl Jda-i C'n-y /\ d j«Ln jJI Jj^jU djjJiLS /\ ^L^jjUl 

4_ul^jjUI jjajil J djLkdail ^a jjUaj Ig Llaj 4 pi g Jl jjajlli B-l j^.VI l^gj 4 >^il ill dljlaiJI JbiA 

lJL jd ji! j case jl if Jib jbdj/1 jal jl d.1 Ig-Llid Jjldl Lai m( _$ jil dl«.l j^.V B-lc-ddl Ig-Llii 
;4jjja\j jl! ( Expressions ) dl j^diiL a >^>l ill 4 JUI 4jjdil d-ljJI (jdjij 
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A_ujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


<exp> <exp> <addop> <term> I <term> 

- | + <addop> 
<term> <term> <mulop> <factor> I <factor> 

* <mulop> 
factor> (<exp>) | number> 


^ uj^ u' <factor> ^4^' >> jJ' ^ lS^' ls J «■' j^V' u!^ 

procedure factor 
begin 

case lookahead of 
(’(’) match CO; exp ; match : ’)' 
('number' : match ('number' 
else error 
end case 
end factor 

jl J djLk-lall <Lajl£]l Inq'i-vj lookahead jl JjjLaJI 

tliAa. lij jjoijx (jl ic- ciil jJ-»» oil lilii <L1 match *1 j^Vl 

LaSi jjSjjoi match elj^Vl <-14* jli !ij Uai. <JLaij j^iaj jl JjjUaj]! 

:Jk 

( procedure match (t : token 

begin 

if lookahead = t then 
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<LujjAa /^jlxl\ 4al£ — (jaLuil AjlaL^. 


lookahead: = next token 

else 
error 
end match 

cii^j (jl aj V 'number' '(' q* JS match ^Ij^VI «.lc.duil dc. ^JalLj 

')' ji*il £* <jlciLail 4 JU. <^k <iij^ (j jjjjJa j (jjJ A B (jS3 j t u^j lookahead u^? (jJ-Bjll 

. match j^V' <-KB ^ J+d' l$ jj 3 ^' c> '-^j 

j-aVl jS Vl tldAld LaS factor ^tg-j^UI J jliill «.lj^.VI .sl-ic-) 3 * *L j]Lj 

Qs\* j ^^ILuUj m ^jJal j^)]| 4 >^-il 4jj*s ill ^C-l j]j]l ^alal 4_id]lj (jjJ 

11a Jja J ~"'J ‘ 11 ba 11 a j .l^JiLaJ <_£i]l (_^jIjSj!I JjUill jl^C.) 1 j£--aJ I gjlc. dll 

| jf j-aV 4 jajaalall 4j^d]l o^frlaJI 3^1 (JllaS 

<if 0 stmt > if ( <exp> ) <stmt > 
<if ( <exp> ) <stmt> else <stmt | 

: Jj LaSi (jjfLJ tg_J ^j^aldJI (_5jl^)Sj]l f.l^Sb.'^l ^I^C-I (_ 5 -^l J 

procedure ifstmt 
begin 
; ('match ('if 
; (')') match 
! exp 
; (')') match 
; stmt 

if lookahead = 'else' then 
; ('match ( 'else 
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jiiljuc. jac. / -il-ic-j — ‘UjjjXa 4uiS — A x x,\. y 


; stmt 
end if 
end ifstmt 


O^C-Ull j ) a (j-aJ^I t— . ijl^Jl ^2 (jj3_j^._j-a]l (jjjLiii.VI jjJJ o^jjaiLixs (jl ^ j JaJ - ■' j V (JLLa]l li& ^22 

1 .ag ij.i ^j2j (_£3ll £-da J *•. 1>J 4jli Ll]3 j)-a *^3 jj * jf* jj-a^lj jjl3jj La& j)V Ajjsd]! 

.djjU.3/JI ^2 'else' S3 jLail else ls jLWil «■ j=^l Lll j-^j 


jl jSjII J jUiVI JjVL ^ EBNF l&V f 'dk2J 1.3 


Vjj*\'i\l o3c-l£]l (JjlLaJJ Lil*3 ^»l3 33 ^jl^jSall ^^IjLull f.l^i.'^l (jl 3^kj jf (j ^al ^ II (JjjLoi]I (JllLall ^^3 

| ^u! ^a]l (jj^jSlj (_JSjoi ^3SLL3j <_5^l VpLul 


[<if 0 stmt > if (<exp>) <stmt> [ else <stmt > 


£_lh j^a]! (_jjj (_JS^jj 4_a*aiiJI J J (_jjjl^j3VI ^IjliJLail ^3 d 1 i*s _J^LJ I * -^ l ^ v ' I (_]SjoJI (_>aJ j 

j!)Lk (j-a (_£jljSull ^jliill f.lj^.VI 4 LlLaJ ^3 La jAj jf jxl ^ (^jLirkVI qj>iJI (j 4 - J J. 1 *' 1 " 

dlljlrv'l (jlfLajH j32j (jri^» il ■‘Caixsj^aJ 33 ^_lhj>i]I (Jjj (_J£joi (jl3 -4 q ) q \ I ,_jl jL^VI 

^^3 (_]Sjoi]I l3A A Jaxul j2 1&3I3C.I jj-a 3 j V Vjj*s 'ill 3C-I j£]l (jljj l3gJ j . (_5j! ^jSlill ^^IjLull C—ll^jC- jU A i\» q\l 
^ ic. (_^j!i 2 vj Vq.il mil Vij~s ill o3c. la]l (jl A h-s jLa Ldajl C_L^Jj . ^ jl jSllI ^jLiill t-jl^jC-VI ^LWiI VIL^. 

(jLlI C-ll^C-VI o3^.j 3l3cl ^gJt-nJall jj-a 4jla l3^J A iiLi" o3^._j]l ^2 cd]3 I i*\ >3iji LaSi (_)3a ^aaJI (j^-»» .1 
o3c.l2]l £-a ^gjousjj (_^L]I J djjli.3-a]l ^^3 I^jS jg J-»'l 4j< (JS ^^3 (jS-aJ La ^-^JjoiIj 'else' o3^)La]l Vq.il J-ixi.i 

jf jaal ^^3 (_J^.I3 j]I VILiJ A >^>l -vll VdsusliJ! jjo 

VJLill Vij~s ~i" o 3c- tall i^ya^k Jj Jajoiixill ( _ s daL^)]l ^n*j]L A >^il •’all Vjj~s ill 3&I _ji]l ^^Jl 3 jjVI J 

■ LH al3^Vmlj VjjjS-aJI J <exp> j^g-jL^-j^Lil jaa^)llj A >^>l -nII 


<exp> <exp> <addop> <term> <term> 


^)jailjaa]l (JjiLajll taSj <exp> t _ s -jL^_j^iLil _^a^)]l l3gj (j ^al ^ II (_^jl^)Slill f.l^^.'^l 3l3frl UjL^. I 3 I 3 

(_^3jj La 3 &J A jaai l\ e.l^i.V! a-lc-3'nul (j j Vi > a p.l^^.'^l l3A ^^3 ajlrv (Jjl (jLs A q.il mil Vjj~s ill o3c.lsi] 
A >^il -yll j VilLill o3^.j]l ^2 l^J! ojLWI (3f^ VldJI AaLa JJC- jl ^)^- 1 dlj3iJ o^jjaiLixi 

<ii.lj (j>s (j_j£j] jl^SlllI (Jjj^j (j-a ^/3 jj VlSaiuJI o3A (_J^lj (j^l I 1 i^lj jLaiJI ■‘Liaali jj-a jIjSlllL 
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Compiler for msc of cs 


jaC. j Jll-iC-) — 4ui£ — ^jjluil 4jt-al^ 


j (jjo jSIj (JSjjj ^lAiJLulj Aibl mil a-idsll A_jLi£ oJllc-j (jfLaj Ajli ttiLLu) 1 iLl3 La£i (jj-aJI 

LaS j A K jjCa]l Lll) (JVim 


{ <exp> <term> { <addop> <term> 

^xsl jVI -la>l (Jl/Li. (j-a \ g ilLaJ ^lu £j-u_j-all (jj (_JS joi ^^3 ( J (jjjl jisVI (jL _jLu C-VI ^^3 £-a 

J)x^)]Ij -nII ^Lill ^jl^jSall JjLnll e-I^^VI La li&j whilG _^®l cJ-Lo AjjljfLJI 

<exp> 


procedure exp 
begin 
;term 

while lookahead = V or lookahead = '-’ do 

; (match (lookahead 
term 


end while 


>1 WntL) l&L 


end exp 

o^lc.1 <term > (j-sl&j^UI 4 * ^ ^ II Ajj^jll ^jli <LjIa]l 

LaS (_JJ i_]£Lj 


{ <term> < factor > { <mulop> < factor> 


I^LtL <^l ^ jl jS3ll JjUill *1 j^\ uj^- 


procedure term 
begin 
; factor 
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<LujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


while lookahead = '*' do 
; (match (lookahead 
factor 
end while 
end term 


Jilaus 3I3C.I jjLd <term> j <exp> Lti>«jlW j u^Kl I (jj^lj^.L /1 ^ j 

AjjaiLmV 1 4-idljjll dLLaaJl £-a JjjUaj o jjai. Jj^-a Lagjl dia. <|T)Ulop> J <addop> 

-t jjkjLal! ^^.Vl ^3 Liilj La£ o^auLla JjjLlajll l.lgj *Ulb s-lijSVI aJ j 


4-ij)*\'iH SJ&151I ^^3 Li-dl J ^jg Jjj (_£ill j _jl mill Aj^Li (j-a jldVI (Ja ^jVl A mq'i ^jlaj (_£L1I (Jljjjaill j 
(jj (JSjai al-l^imlj Ajj'i^oll 1 glln<a ^3 l^^Sk^a (Jl j La (JSjoi al-l^imlj AjjI^xi'I 

^1 jLlill C—ll^C-VI Aaj^jJa ^IdduiL AjjoiL^. All jl^C-l Aj^)j liil (JLLall lij-3 ?£_Liij-alt 

ILa ^^3 I g . .ojC. (_^L1I la.ml<all 4_lSuaU ^ >^iLi^)ll ^mjllj 4 >^»1 All 4-ij*s ill 3cl j£ll ^iiaj (_^jl^)Slill 
^ya\ (J^|j dll il<a» II adlj Ajijj ^jC- jLualll 4_i^Li (j-a dl '!■«» ll jLajl (j-a ^SLill ^JJaLuiij c-^aJI 

Uulkj J) g;jl jS3ll JjLnll cJ j^VW <^^1' l^^.'^l ^a^ij ^jJalu La _jA j jljSjll 

Ij^il Lafl (jjSLul <exp> ^tg-jl'l-ll _j<a_jll (J-Lsj ^gjll Aillajll iLLaS 4 -s )-y >.o l-M-iC-l 4 


function exp: integer 
var temp: integer 
begin 
; temp := term 
while lookahead = V or lookahead = '-’ do 

case lookahead of 
; ("+’) match : ’+' 
; temp := temp + term 
; ('-') match :'-' 
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A_ujjAa /^jlxl\ 4u1£ — (jaluil AjlaL^. 


; temp := term 0 term 
end case 
end while 
end exp 

e-Loul ^3 cdti aj 33 j 4 pi g i^UI i ajLla ^1 3l3cl ^ly Aib^all (jjtiljj 

iJUu.laJl Vtf\ «ilfc ^ jiiill J U£ll 2 ^U jJIj 4iL <Uj 4_u*U <J! 

<include <stdio.h # 
<include <stdbb.h # 
/* char token ; /* global variable 
/* function prototypes far recursive calls */ 

; (int exp (void 
; (int term (void 
; (int factor (void 
(void error (void 
} 

; ("fprintf (stderr , "Error\n 
; (exit (1 
{ 

(void match ( char expectedToken 


90 


} 

( if ( token = = expectedToken 




Compiler for msc of cs 


— AajJaLj^il 4_uj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


; token = getchar 
else error 
{ 

main 

} 

; int result 
; token = getchar 
; result = exp 
( 'if ( token = = '\n 
;(printf ( "Result = %d \n", result 

; else error 
;return 0 
{ 

( int exp ( void 

} 

; int temp = term 
= = while (( token = = '+') 1 1 (token 
} ( switch ( token 
; ('+' ) case '+' : match 
; temp + = term 
; break 
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— AajJaLj^il <Luj_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


; ('-' ) case '-' : match 
; temp - = term 
;break 
{ 

; return temp 

{ 

( int term ( void 

} 

; int temp = factor 
} ('*' = = while ( token 
} ('*’ ) match 
; temp * = factor 
{ 

; return temp 

{ 

( int factor ( void 

} 

; int temp 
} (')' = = if ( token 
; (')') match 
; temp = exp 
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A_ujjAa /^jlxl\ 4 u 1£ — (jaLull AjlaL^. 


; ('(') match 

{ 

} (( else if ( isdigit ( token 
; ( ungetc ( token , stdin 
; ( scant ("%d" , &temp 
; token = getchar 


{ 


; else error 
; return temp 
{ 


jl Clllal^pJ ^ui (jj Ajjl&all Ajj*s ill Ac-I_j£]I (JjjpM AjL^Ja]! eAA (jl 
jl aljpl <J£ dlljJaa. c_ijjj2j ^LaiA^I (j-a IjJiSi IjAS C-jILjj Ig l£J j aJIe. e«A sS> CjIa A <■ all h j 

aAill <Jj 3 aAjLa J jl Ale- lookahead ja*!La]l AllLaj (_£A]I jjLojp]l i_saj (jl Aj V <Lalc- aAc-lii j}3j Aiila J 
al^p.'JI (J^.lA ^jj La _jA j 4-Jl^JI aA^pall jliikl Aju V) aAjAp aA^pa L_iila ^jj V j t-jl^c-VI AaLaC. ( _ s 3 

'J clip. ajpLi c-liiil LcaJ cjlAi.'JI <ljApj Iaa j jjaLaill i _yaj*\\ ^ match 


^3 dllC^)Lall j _^Ja Ca3 J AA^a (JjoiLaill J <■ - 1 g La (j_j5ul ^^lill Aa» II J ojplll alia jjas Aa 

Cj^aJI 


Aa j^all J A-l Jg mlla jj<a‘n e-^pj! IAA ^3 aliCa^jC. (_£All (_£jlj£a]l jlaall C_] ^jLaii (jli La^ajC. j 

C- Lall _j\ t_j ^jLoi'JI dla (J 1 * n ' La LJa j ClalA^/U A .aiL Jl Aj jApJI ]^» n^i jp ^oa^pll ^auoia Laai 

Ailll (JlLa a j i» ..o Ap-a^JI dllatJ aJL^ ^^3 ClaAa. j La jA j LjAa Aaj~\ ill (JIa. ^ aIAc. 1 Aac. 

ajaaSlI j A aiaaaJl Apaa^JI Cal»J All .a. ^^3 j£] J . ^ jSfl aA^. ^3 Ig xivVq'i ^11 (_ 5 All A n>iljj3VI 
La LLIa j Ajj» >^i\I 4_jlc- ^^3 L1 ]Aj (jli A3 j^)3«^a]l djlil]! L>« AjtJ (JlLa 

Ajj)* . _jA | JjL?l _ All Li cjLioil a Ac. dliA j m LjSjjLa jj cl A_jj;*s ill ^wall (Jl^a AA A ^_il a pLil pAj 

^Alill c5^ (jjjjAiui J LH (J^L“ <_5^j (_>“ (JSjIu (j-a 'ill Ac.lji]l (Jj^pj 

^jic. AjjiC aAc-li j»-a (J-aLtJI Aic. C-iiuJl j <1 ^ilSLa AjSJ j (J£Ll]l J^VL.'V !>IjAj 

;aJLJI Sac. 1511 Jla JjIaj 


. . . I A> | P> 
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Ail-lUC. jaC. / -il-lC-J — ‘UjjjXa 4ui£ — jAull 4jt-ad 


3-® j <A> |AjL J^l aJJ ILaj Ig-alAa. 3 (Jjldll 3 AjAdi 3 <jj» ..o AlLiA (jj^J A3 

L. AlaJJ j33 (jJ-3 l_lml loll jlj3l AldliV j V 3'® J W U^ - ^! (3 J 3"® (J^ AllitS Ia] j</\> 3 3 n~H 

jl 4 jIaJ! Ag. j.a’N.a ^-ajau La j (3 j (j-a (_]£ Igj lAi 3^ 3^'®"? 3^ dlAjLall Ag j.a’N.a AjAsAi 
I gJ jjajannti j Ajill!i]l oALa-3^ (3 l$j3) 0jLa3 Jjjj- 0 Ag j.a-N.a\' oAA j ( FjfSt SGt ) 33^ Ag jAa^all 
Aj_jiwj oAgU A -n \\ at a AjLiS Ajg jgJ Allll!i]l L. nmll Lai _^Ala]l A»J e- j3l <3 LAaji (Jjj-asjll jAa*jj 

: aJ 131 £ 

a> e> 


3 ' ^ jju dji A^a-oJSI Alii 3 ^ Alll^. </\> 3®^^ A*J C5^ dlAjLall (ji AijJga ^ jtn«1 J-aVI 3^ 

Ag j.a’V.ail j^aAi oAA dlAjLall Ag. ja\a j t_jl^)g'^l ^3 £jAaj-all cdl-A Ajg- LiLtS jgJd V A3 jxjll 

.LaojI fAlill a*j $. (3 13 jjajjAii i_sjjai j ( Follow Set ) a3LiL3I 


A -31 at a\ Jais j3 A jlliiLall Ag j.a’V.ail j ^3 jVI Ag j.a’N.ail 3-« i_J^ jig >'il iijdS Aga&i j ^LaliAl Allj& j 
dl/ldA-all 3 c-U=uk3 i— sLauSI 3 AgLaL Ig-i^ LAajl j£l J LiA lg_ill LijAul 3^ Ajj^jll AgljSlI d'ila. 

_oA^-3^ °3 3 ^ J^VI e jaJ^ (3 4 ^ ..o jj~i La j& j 1 g jg f-lsaiLaiVI A_lilfLaj ,;wi ijSLla 

LL (l)i ■ 


a-lg-ALoi'il 3*® V«3 j jLoLia jSjoU (Stack) (J-uA^aII ^lAdLuiL cglj^V' A j\x>» ; ^jSj c_] jLoiV! Iaa 

^gic- AgLay oALl*-a]l aJL^^-J (JjjA 331 lAA Jjj-aj J cjljg^-i 4- 1 J^oVI (3 aAaJimJ ^Lll ^jIj£3I 

aLi, u3| A-jj-s ill oAglill ^AiALaj c_j 3 ju1 '^^ LUa ^ j > s-i 3^ J A_Jlg Ag .^) joijj aJ jg uJ cjl^jgVI A_iLag 3^-?-^^ 

;AJ3l jlall (J-I jsVI 3^ aIuAui 33 ^1 a313I 


s> (<s>) <s> | e> 

Alii] (_]3al (3) cs^" 3^ A lLag dll jlrv ^dajJ (3^^ (J J-^3^ 3^ dUdA^l Alaulai 

: d^LkAJi 


c_d 3 ^da 3 3ill J jLoull 3 s -- <3^^ (»l3jVl 3) ^sldaL/L oA-agl 313 3 ^ (J J-^3' 3j^ Ada. 
A_ia.lj 3_3i (_>oA 33I ^-U J t_jl^)gVI (_jjA3xs dLjj^-o J jAaJI 3^ a! A ^ a*JI 3^f! 1 dll tdljlrvH 
LaAjg (_jjjA3a]1 3 I 3 ^gllLlLj ($) 3 V j3l 3al)LiJ -j. 1.^31 ^-13 3®3^ J 3 j-® 31 A l^l j3 AiLaS Lai .3 mill 

;3d IaS J g lan . t Ajli AjLaS 3 S 34-^' 3j^' 3^ A5J^ 

s $ 


94 




Compiler for msc of cs 


jiiljuc. jac. / lllaj — ‘pJaLa^ll ‘UjjjXa A x x,\. y 


i Sj^p Jjj 3 (J j.pJI (j-« < __ s _jVilS\ P Lai . (jj-a)ji 4_plj (j-a <JLi]l i» \1 4iLuaj (ji ^gJc- 

<Lilgj ojLail/U ($) _J )V J-lli 4-a^lc ^IllklLail £-a ^Jjxilii jLaiJi (j-a dl^'V^oji 

ojLklll ^OJ f-i^pw^iU j ..-i lk <a i Lua j (J j.pJI (j-a ^pk-LM j LlJlii]! J _p*JI ^ Li» j dl^Li.AxJi 

.(J j.pJI (j-® 1 ^ Alia. jVi ^Jaj (_^Lli J J dlLijlia-a ^plij] 

(_paliJI (start Symbol) 4 — jIaiII j—^j ^ cA-J J] A^ l>® p-iij— c-Vi A 100 i-^j ic* 

ClL>Lk.La]l Alutiu) (J jj a ^lij pjljC-VI (_p^£-a ^ik^all (Jllaj ^ ^.iklLaiJ 4pjaj]l ^cljallj 

A apl ill A jLajtll ^l*Ji ^ 1 Jail I j_jS dl^li.ia]l j (_p.l£-a]l qa (_]S ^ n .pi lil dllf.l^pkVI £jIjj Jju 

;A^ <jj£j (J^aii A A^' u-« p-i'j£^U 


$ Start Symbol Input String $ 


$ $ JA 


^pa^)]l Jhm.L ^alpj ClL^'V^.ail 4 jjaalui j S u!^ t 3 jLai]l (JLLall <JLa. ( _ s 3 j 

lAgj ■‘U-aLaJi <Ljjp ill 3c-l jail jl o^c.li]l qa dlljLilk.'il -lalj (_p^£-a]l <xa 3 ^ jg J-»i ^ill 

<JLaJI dl^Lk.iaii o3jLa (J» a. j L^-^i jLna.'l/l ^JJ Clip, j^j (_p j£L (JSjIu ^I^Vnulj 4jj'iS.a\l j Jpjll 
o-l^pall 1—S.Aa. cd]j Ale- J dl^-v^oii o-l^pa £-a JjjUaiJil CtK i ^JLilljj pjl^jC-VI (_p^£- a AaB ^ jg J->'i 
|La& (JiioiV t^^-i c> (jjJjaiLaiV I (jjf.i^p'l/l (ji (_ji J (j-a (_JS qa A Sjl JalLall 


Social _jl ilk I alAkHml (_jfr ^luaiuJi-J Aa£ A ^^jl^-j^Ul ^pa^ll (jAllml -]_ 


dl^-k^xiil oJ^)La £-a AaS ^^ic. ^ 5^1 oJ^paJi A'^\ J-»xa -2 

^ ..iSc pjjjjlj pjljC-VI (_pj£-a l^iaLjal L-pj A esCi-gC^i-ii ^cJi <LoiLa]l ^ji 4 _Saaw!>La C_pJj 

a jiakil ^^3 iLLaS -j.i.^^jl A-a3 AlualuJl (J Ax j ^SA Ll]j j j)\ mill ^jpl\l qa (_gi 

\ ( _ 5 ij LaS dl^lk.Ha]i j (_jjjJl^a]l (jli ^_^iLai]l (J t> cAs^' 


$ s $ 


95 




Compiler for msc of cs 


<Ui|juc. jac. / -Sl-ic-j — ‘UjjjXa 4aiS — jAull A x x,\. y 


^gA 4 -a 3 ^^Jc. (j 3 l S j^sjll .a . 1^33 ^^31 4 -lj*\ 'ill 0 . 3 C. 13 I j 

ijj LaSs 3 )^ 13 . 131 j ^la*a 3 (jj.l£ 3 l Jl S(S( 3 L 3 j 3 I 4 i 1 _Jal S (s) S 

$S)S( $ 

£j-sa_j]l ^^gJI (Jjk^aj ^gSA Cil^l ~v^.a\l 0.3 jLa £-a (jjUajj (j3l jj333l 4-a3 ^^Jc. jjosjyi (JJ j3l jg JaJ ^jVl j 

:J^l 

$ S ) S )$ 

(j jLa3l jl j£3l (. tWj (j jLa3l XAA^iil 


3ijla ^g2 La^J t'lh'i ^^31 333o3l j^iS. j jj-a |_L( 1 ) j t-3jC.yi 43 jla ^3 jl_3kyi j jlj53l 
4jj^3I ^cljflU t_jljc.yi e-UaC.] (jVI ^Jalusj ^3 t— Uj3I lAgJj (jjlj£3l (_gJjL3l C_sljC.yi 
^3 4 -113 31 33 (J3I JS Laluj JjjIuJI <s j3l 4 a i Vq'i (jxu i (j3l Jaiuull ^g >^->Lj jli j.Lu3l ; 4 >3 31 

^g2 Oj5L3l (_>asj (jjjJaj ^jJaLuU V liif3 EBNF 3^ ‘31 ^l.^Vustl jA (jjljl3l ^^^131 cJ J^yi 43 jla 
BNF 3331 ^hVn.3 4jja3l «ic.lj3l <33 oJllc-Li ^»j3 jjl t_±^j 33 (j-a V^jj LL(l)i <--iljC.yi 33jia 
jyjjLaiyi J |_[_(l)j cJ J^yi 43jiaj 4-^331 4_i/sjjlj3l Ig Lqi jjl jj£Laj o j y-^} (jllj 3jjt3l 

Left Recursion ) l ,sjLu 3I jl j!3l i_s3a. Ua 3L3I si* l$3ki jl (jl*j jy3l <jj33«31 
£* * j3l '3s ^3 U^a. j3 <L3a (jjjjLa'yi (jj^A j (Left Factoring) ls jW' j (Removal 

^C-l jii t _ s J) 4-jj~\ ill .}C.lj3l (jl jpsj^aJ j)l (j jj j>^- *H (j-® (J-3 I ^a^AnJqj jjl jl3c.yi ^^3 3a.yi 

Ljajl jj-axiaJ V (j3l EBNF 3^ ‘'‘'I' 4 Jjaalllj jjlS La 3^» ad]j j LL(l)j C_jl j&yi 4jsuail 4jjjLa 4j^aJ 

(jbjfLj (j^>yi jy3A (jli ^a j)SJ J (_5 jI^)S 3I ^33^^^ M' J^y> ■^l-^ c -l -^ c - 3SLlall ^ i*a*N 3^ 
Lllj l3 s ^3^3j I 3 LLa jJ jl I <a^Al3aj 4 ojj-a La^J j 4 janJqjll CjyiiJI L. lloi ^^3 (jyistS 

_ LjfLiiLa jj jl 0^3 jj jjl j)S-aJ (j^jL-yi LaSli J *iVC.J j |_L( 1 ) j t_jljc.yi (jli 


(_^jLui3l jl^)S3l c Vw 


^ LaS jLaiJI 4jSklj (j-a ciilAajt II jLsLI 3*-?^ ^l.^'Luy I ^Lai (Left Recursive) <_ 5 jLulJI jIjS 3I jjj 

;Will ^LJI jjj«3L 4^=,UJI 43131 4j^3I sj&ISII 


exp exp addop term | term 


(_5 jLo3I jIjS 3I jj-a <1L3I oLa j jLo3I 4j^.L i _yi jLsil dili addop lg l*«aj ^^31 dil3<m II 3*-?L (^31 

(_5jLuij jl^jSj ( _ s -lC’ (_g j'l~v j 4-ij~\ 31 o3c.I3I i _g3 jl i'I-nI 4jlik. j CjyiaJI JLajoul (jxs 3j«j 

I La 33s (^-Ic- (_g jla. j <jj~s ill o3c- 131 ^^3 jl fi-vl (j-a j!i3l 3 ILa. ^gi I, jqat'i jliSi j-ayi (j^l j 

; 43131 4 jj^3I o3e. 13I ^ LaS addop ciiULac. 3jjai 31La. ^gi 3 jA j (j j33l jl j£3l 
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A_ujjAa /^jlxl\ 4 u 1£ — ^joLuli AjlaL^. 


exp exp + term | exp 0 term | term 

Jaia CllA^J j_jl i"n*s jjoiLixs {_£j)\-uu jl^)SL ^^Jc. tjl LajJallJ (jli La jaC . j 

aJL^J! j AAjl mil A_jj-s ill oAc-lsi! 6Xp CjLa eA^I j ^ j^aL^jl A-jj~s 'll' oAc-lsi! (jjaflj (JLLi. 

| (jjjJLill ill (jjjAC.Uii! ^3 LaSi ^JjaiLl/ii! JJC- >«l\l jljSliil Ajl^. ^Jh Ajj» . .o 

w.i IjjSJj A i\» qll A^a^JI dlliiL Aa^oLsJI A-jj~v ill Ac-ljall ^^3 V La Lille. ajj^SH AjLaJI eAA j 

.AiDLiil cijVUJl JL«£LJ Jj LaJ aJUJI ^ 
Wil l jJiUa]! lsjLoJ! j! jS3ll aJU : Jj^\ aJUJI 
I (J^ jJall ^Jc. Ajj~s 'ill a Ac. tall ^^3 jS^ mil! jl^)5u]l A-lL^Jl bAA ^^3 

A A a | B 

i SA^i j /\ ^^AlgAi/U! ^a^)llj i-Ajj L/ j A Til g L>UI j A jjl g ill j^a^)]l (j-« ^-Laaiui (ji/LLaJ j Q (j-a t."n*s 

a] jj (_ 5 jiS $\ j Vj! aJ j2j ^>j3j J jSM (jjjAc-li AjjioJI o Ac. Lai! baa aJA£ aLu Ajlfl L^jLoui! jljSLiil 
\ LaS. (_^jLaui! jl^Sliil (j-a Vaj (jj.ai\l AjaAj (j-a jl^Sllil ^lAiALailj q _j ^j^i! -y\| 

'A-> BA 
A^ a A' | 6 

l JLl« 

\ l$j]| o jLLL/ 1 JjjLaii! Jaiaui! ^LJI ^nxjiL A_a*aliJ! A-jj~s 'ill Ac-! ^js]! AsJ 

exp -> exp addop term | term 
cPLiiLj A = exp , a = addop term , B = term La^ J _$V! aJLJ! ^ SAtlill aA^i 

; LaS ^jLaui! ji^jSli! <. aAaJ l ^2 jLj£ 

'Exp -> term exp 
Exp' -> addop term exp' | 6 

>iUail cSjLoui! j! j£jil A-aUi! AibJ! : Ajjliill AiUi! 
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aiiljuc. jac. / a|jic.j — 4ui£ — A x x,\. y 


\J&\ JU11 Jc. A^JI SJC.151I aJJJI 0 3 ^ 

£-a A-jJ mil 4 Jgjjuu]| A H -n. U 4jLous aJL^JI 3LL ^3 JiJI A 3*^3 (3° (3 1-liJ 3 din. 

; La£ CjljLirkVI P-lC ojlj j 


2 J^a 

; aJUI A-jj~s 'ill e-iC-Ul 

exp exp + term I exp 0 term I term 


LaS. (_5 jLou]I jIjSull <■ Vw; ^jiLaS 


'exp term exp 
exp' + term exp' I - term exp' I 6 


2L«l*Jl cSjlaaJI jl j£J1 aJU ; *311311 *lLaJl 

JjJuLlJl L-iajI j JaJjaull JJC- jl JaJjaaill f-\ jjoi j£ ^ mill 33^ dlV l all's I ^Jaij A_Jj«JI aJLsJI oi& 

V ^lill A_jj~s ill aJL^. Jaajdl (jauJaj Ajx jjl ^I.^Vnalj ^»jaj tJli Aic- j ^jjoiLus jjiJ jl 

SjjUIj AaaaLj (cycle) Sjjl>S (3 (jauiaJJ V lilies J <tj\k A-Lmlm dlli Ajjiaj S.le.15 (_5 I 

\ LaSi I_g\ 3®3 (_>Jlu LS^-AjJ I^J (JsVI oA^.1 J SjItn ^ys J AjjtS-a] 


A a *A 


jjc. jljSj 4jl_2». (Jk-ii t_jl^)C.VI A_i/sj33 lk 3* ~>J ill -ic-l jflll ^k oi& JlLa (jV 

Aas^jJI CllliJ <_y> AjJ A_aoliJ1 AjjSaJI -iC-ljJI (jau>i?i V A-alc. 4ia*ajj (Infinite lOOp) A jgTi-a 
IjLi. 4qn>> J VI Ai- jla A-lmlm dlli Ajjiaj -ic-l j3 3 C- <_£ jlaj V Igji LaS ojjl3l oi& Jla 3 C- 
^»jaj t,"n-y A-ij~v 'ill ojlA JiLal LajJ 3a*_) 1 ® tiA A-a^aj A_jas ^jlj adlil iiLa (JSjoUj 

c^ili AN A1 A2 clA3 j ** . 1 }' '3 aJlIII 1 ^ \<>>7n 3 ^^ a pi ^ j3JI 3-^-3^ 1 . 33' • , ^4 xs 3j^ _j^I 

Ai Aj Y ! Jiill s^tlS -ij^j ^ ^ ~~>3 

o^A ^gk (jaj^ill (jV LS-“^ (jli j Jl ^LaaJ lillj Ijlj J < j <jj^ txAic. 

aJL dllj)J-»A> ^Jj Laj3 j (_£^kl 3 Aj) (J j^sa^l V (Jai^^-JI (JaiSJj J^C-LaaaJ (j_5^A AjLiJI 

; A_ia jjl _j^JI 

For i := 1 to m do 


For j := 1 to i - 1 do 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 a 1£ — (jaLull AjlaL^. 


replace each grammar rule choice of 
the farm Ai Aj B by the same rule 
Ai al B | a2B | . . . | ak B where 
Aj al | a2 | . . . | aK in the current rule 

For Aj 


3 

; AjlLill Ajj*s ill 3cljii]l (jiajij 

A Ba | Aa | c 
B Bb | Ab | d 

^^3 j a3Lucall A -y.aj3l d )\ i \ ^ja Ail jjl ^3 Igj jii. (jfLaj ^ A n>iljj3l 3c. I jail LUj j_jl ylall Jj 

(jl u ')» <&} j /\ j/ajlL -n\I ^Jjjll (j-« ^^ici A-a3j g ^Igj^/UI j^ajll U (JtiLall IL& 

^jUJl for j-' n=2 u' A^jjlj^JI iiii ( A2=B j A1=A 

<jli ojiiijj ^^1^.13]! for jli i— 1 La3ic j (jLij-a a3jjjj ^iu A_wjjl jiJI 

AiLLoill A-ij~\ ill 3 cIj£ 1I ^ n^<M /\ ^^jlgj^/UI > jll jdLi3l ^gjl mill jljSlill i s3a*. j& ^-»'ij > a (jill 3 j^j]I 

'A B a A' | c A 


A’ a A' | 6 
B Bb | A b | d 

filial AlliJI e3& j j = ]_ A_3 a3^l j ej-a e3jqVi dn > u A_il=k.i aJI for _J-«I (jli j = 2 (jjSj La3jc Lai 

(_3 jVl a 3c tail qa Ajljt iikl A (jjl^j^UI 3” a .J^ 3l3dijl J^.^ 3 O c ' B Ab A-ij^ 31 a3clall i s3sk 

; l£ Ajjsdll 3c I jail * ; j. dlB 3jc j 

’A B a A' | cA 


A' aA' | £ 
B Bb | Bb | Ba A'b | cA'b | d 
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Compiler for msc of cs 


■diiljUC. jaC. / ‘UjjjXa 4jt-ad 


AjIHII Ajj*v ill 3c.ljsll (Jj^aj j B ^a^jll i o ' •>. Ajl^jll ^3 j 

:l 5 J j' J £j L$' C5^ L Sj^Ji V ^j3I 


'A BaA' | cA 
A' aA' | € 
’B cA'bB' | d B 
B’ b B' I a A' b B' I € 


jlj£j]l l ii32k j_ji 3j£l!ill t—L^J (_^jLau]l A 15 >tl<a d^l-2». ^l.a’V 1_J^. (j-a al^liVI 3*Jj (j^n 

(_yaju d,W i Ajfll j 1 g mg j Ailll t _ 5 -lc- JJ jj V dUt-lll (j-a AjtJ (_^lj A All Ajj*v ill 3c. I _j£ll (j m (_$J)\ mill 
t—lljC.'^l AjlaC. 3jflxj J] <_£3 jj Jjjtlili lift J .CjljC-VI Ldjl J Ajj^- 31 3c.|j3ll lilli Jjjtlill 

^jm'illj A >.ol All A-ij~s ill 3 c.Ij£II ^gJI 3 iill3 lajll j Ailll o3gj A^aliJI c_]l^)C.VI o3^.j ^-»j.a>.o'i j 

(jc- cd]3 j AjjLoU dljl^jSj o3c- (j xi > 3ajj ^glill j (JliLaS l^al^A'Iml ^glill JaJjuull ^ >^-»lj^)l' 

Ajj*\'iII 3c. I jill cdti (j-a o^aiL^all AjjLoiJI dljl^jSull o3A <. s3^ lili dl ;l^» II (_£jLonll 3Ld'^l 

|,_ll LaS prJ^ajjoi 


'exp term exp 
exp' addop term exp' | 6 
- | + addop 
'term factor term 
term' mulop factor term' | 6 

* mulop 

factor (exp) | number 

; (j j) 5 "l > 11 ^nxjll cd ]3 (JiLaj (_ 5 ^l t_jl j )C.VI OJ’N 3 u (jli 3 - 4-5 ^g >>ilj^)]l ^n*jll ajj 

3l_dVI j_jl )Vi (jii5» II ^gJc. ^^)JaJI A lLaaJ (_^jLau]l 3LdVI ^dajj V oj'N tall cdti j_jl ]A*s^Li di*s 

_jA La5 jg daJ jl^jSlu AJl3/n«l j jLunll jlj5j]l i S3^J A -s n i5 cd]3 j ^jjoill A_Ci.lj AjLaadl o3gj ^j^»l All 

j~\ ill a j'N 3u Ud (jl 3 jV L-jl^jC-VI (j-a Ajj~n ' ill 3c.l_ji]l ^g3 ^dal j 

I ^gil LaS ^1 j ^^)iall A i\x>» I mill 3LdVI (ja5»‘l A^ajLoill 


100 




Compiler for msc of cs 


.UiljUC. jaC. / aljlC-j — A x x,\. y 


J41I 4_1j£ Uc-A (j£J j ajji^VI 4jji»All Ac-I j£ll ^al-lklojl Ale- 4 laj ■ nil j dlm.1 4 xig .all eA& j 

£Xp aj> nil jAa. (j-« l_LaJ 3 ^ -all! (jjj lift J: jlj 111 mil L-jl^jC-VI Sjful Ilia. (J illAj 

^ ill Igil Jl -1 Jill (jl Jc- 4 ■‘Cajsll ^ Ja Jj 'exp S.vi»i\l 4lLaj jll (j^njVI 1 -ag il Jj 
ojjjxj Jj ,_£a 1I -6 Jill (_5.ll (Jj^ail 5 ^ j iaj IajjAj Jll Ajjliill 'exp S^3*3l (jj-«4! ^ Jc- 
£-La.jlj ^jk j (_ 5 ^s cHaI £ Aijlall 41,4,41 _jA l.ia.1 j til Vj Igl Aajj V jll Sj-j^Vl 'exp S^3*JI Jl 

(jjSjj eXp SaIjILj (JiiAxll a ja will jAa. Jl 4 jIJI J L-jl^jC-VI a^jaAii Jc.1 J) JJ^-VI Jill 

2s\«.\ ^Jjoill AlalVI jg-lllaj (_jc ^g. , Jl ^ilidll 3-4-5 ^g * ^al jjll 4_iilg.ll 4 xa jq\l ^jA dll 

(_g3 4_AiajC. JjjLoll (_£ J Jill Jjllll L-ll^jC-VI ‘-J Jnol (_g3 JiaJI cHAj Jill 4 1)5 (j VI j Jail 

Jj£ll i sAa. A*J Jaanlt ^gnialjJI ^n*jllj 4_i_alall ajjaVI 4_ija 'ill AC-I J1 4 n, lljj JjjLoII 

: Jj ^ 'exp j exp uJ j^Vl <_£ 4^* ls 


procedure exp 
begin 
; term 
! 'exp 
; end exp 
' procedure exp 
begin 

case lookahead of 
; ('+') match ; '+’ 
; term 
! 'exp 
; ('-') match : '-' 
; term 
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Compiler for msc of cs 


<Ul|jUC. jaC. / -Sl-iC-J — A^ji^Xa 4uiS — A x x,\. y 


! 'exp 
; end case 
; 'end exp 

\ <ag‘nl“i^ ojlc.1 j ^gijLS (J ^ uil > <al ^jmMI A-aj3 L. A j (jLajSj mil (jj£.l (_Jjt_^J j 

l^gL La£ 1 -n n^ij' 

function exp ; integer 
; var temp ; integer 
begin 
; temp : = term 
; (return exp' (temp 
; end exp 

function exp' (valuesofor: integer): integer 

begin 

if lookahead = '+' or lookahead = '0then 

case lookahead of 
; ('+') match : '+' 
; valuesofor : = valuesofor + term 
; ('-') match : '-' 
; valuesofor : = valuesofor 0 term 

; end case 
; ( return exp' ( valuesofor 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 u 1 £ — (jaLull AjlaL^. 


; else return valuesofor 
; 'end exp 

i_a 9 j>s _ja j exp e-l^^yi Cy* cj^Labt* <1 j^j-aj u 4 » >>ij ^li^l 'exp <j 

'mII (_£jLuii]I (jjiSatj ^gli]l j~s 'ill o j'N ui ^-L^jl Aic. djl$.l ^^.Vl adli (j-« t'lh } La] AjLuus 

3c- 1 j3 ^gA (_5 jLulj]I jlj£l]l i_s^ 2 k. .1*J 1 g at >>i j 4 ;jj^ ill 3 c-Ij£]I j)l 4 Li^LLa C—L^J Ajl^-ill ^2 j 

(jill JLi]! cjIjcVI (Jj-la. ^ 1 -laJLml j lilli J l^-llc. LL(l)i <—lljC.yi ASjjIa (_3 j jl 3 -»'i \ A aJj-agj Ajj^j 

;^^la]l £. jaJI C5^ ojl^c.1 A 19 ft 

(_5jLall]l ^4A^Ji]l 

jj-a e- 3 ^ cs^ j)l£jlauJ Ajj)**> ill ^2 ~j\ iikl (j/s jj£I 3 j Aic- c_]jlLus j£ ^ mj]l ^LaaLlI (jjSL 

Aj]Li]l o 3 c.ta]l ^gi LaS jLirk^l jluiJ ^ >^iM 


A a B | a Y 

; jf j-alj A >.-il All aJLiSI Ajj~v ill o3c.la]l A2k-a^)j]l dllitJ jj-a ^>A.I (JLi-aS j 

If 0 stmt if (exp) statement 
if (exp) statement else statement | 

oiA (_gi allljLirkVI jyj j-ii.aj]l ^gic. ojAall ^3c. ^gi LL(l)i 4-iljC.VI Aajjla] 4-iml]lj A K joba]l jj-aSjj 
o3clfl]l j Ajj~s ill o3c-la]l AjLiS o^l&l dlljl ilA^l j_jJJ s._^JI (_gi (Ja-SI 4_]l^JI 

; lfrlAj£ o3l&lj ^la^l]l ,lsj ^gi) LaS ; k '-'' £. j>aJI ILa (j-a J j*^l 


'A a A 
A' B | Y 

IjJJjl jS^I £XS ^gJ^lS C_u£j (ji j| 

(A a(B | Y 

j)\ mill 4_ia>.lj jj-a < ^La^j]l 4_iLa& j A n>iL^)]l Clll^^iixlill ^2 ^LaaLlI AjLaC- IjjliS AiLu (_£i]l (J£jjo]I ^jA j 

A-al*JI A]LiJI Aj]Li]l 4^8 jjl jiJI j Ajj~\ ill o3c.la]l ^2 nAl (j-a J AjLi. ( _gi (jl (j^-«-J 

|(_5jLou]I A^Laa^l p.l^)^.V 


While these are changes to the grammar do 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u1£ — ^joLuli AjlaL^. 


for each nonterminal A do 
let be a prefix of maximal length that is shared by two or more - 

production choices for A 
if a = 6 then 

let A al | a2 | . . . | an be all the Production choices for - 
: A and sppose that al , . . . , ak share a so that 

and the share no common prefix 
an do not share a, ,and the ak+1 
:replace the rule A al | a2 | . . . | an By the rules - 

4 

(j-a ^gic- (_£ j'iVl ^Sll j ClA»l jxl jVI <jj-y ill 

\ 4ja.U 

stmt 0 sequence stmt; stmt 0 sequence | stmt 

£-a ^J-a^IlSl (jSuaJ jbaiJI (j-a 1 (jjJ £.^2*. dlfr 

\ LaS oJic-tall 4 _Aj£ oJlltj 

'stmt 0 sequence stmt stmt 0seq 
stmt0seq' ; stmt 0 sequence | 6 

5 

; jf J-alj ■‘U-aliJI <jj-y ill 

If 0 stmt if (exp) statement 
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Compiler for msc of cs 


dlldjo A_ujjAa /^jlxl\ 4 u 1£ — (jaLull AjlaL^. 


if (exp) statement else statement | 

; ^-J^ll 4_jj~y ill S-iC-ldl oAgJ (_£jLdl £Xaadl (jli 

If 0 stmt if (exp) statement else 0 post 
Else - post else statement | 6 

6 did 

■‘Liikli jj-a dajVI Cllli c'~il It j £] j >>»Ljj]l ^jmML A >d -y \l <jj*y ill o^C-la]l 4_jLi5i (jla^ji J 

\ ( _gi] LaSi (jjdLul l$jli (j£Jj jy-dl 

exp term * * exp | term 
\ LaSl ^jLaU ^ la-y'i Jl ^l'i-y'i <jj-y dl a-ic-ldl od (jli 

'exp term exp 
exp' * * exp | 6 


xxaaJljl jjdaj 4 *Jj <Lldl -dLa^l (_gi (_gdl Ajjadl -iC. I jdl ^j.a-y jjl A h-y^/La 4 1-yj Ajlgd ^gi j 
4-lljC-VI jl-iC-L ^ jii i_s jjoi J Igjoa LL(l)i 4-lljtVI 4-ljiuil ^IdJLmV A -y \\ >.o i."]y n .^1 ^dc. (^jldl 

^ddl ^.^dl . . 4 » ii (jd ~y II 

LL(l)i 4-i'jc-VI ^ j^dl oj^d «.Lb 3.4 

■lie. idi (Jj 3 1 1 /'l K*i L .'I ^gdl CjljC-VI (j-a V« 1 j jadl Sjfui td ^jL d LL(l)i 4 - 1 1 VI <j) 

(j) (_^jlj£dl ^gjjljdl 4 -lljC-VI 4-1 jld jjdaj liiAld J (jJjoi d J 4 -lljC-VI (j-a t_l jdVI Ids jgdaj 
jadl Sjd ^at-ladd j (_gd LL(l)i 4 -il^jC-VI 4-1 jid (Jj 4 *j (jdj did d^-®® jadl Sjd JyVu.it 

jl jSdl Lid. jl (_5jLadl ^Ladl A -y jii tdS d jadl ojd (Jfd jjjSJ dli j Ajj» .^1 jdl 

did J 4 il» qll 4_idl jdl (jd j 4 jl 3 _j!idl 4 n^l^jdl Jad d-di 4-lljC-VI (jjd-a jjV A y n j Id j (_g^)l mill 

La_j-aC. J 4 j l^lsLaial .lie. (jd j 4 -ll^jC-VI (jjd-a jj-a 4 jdljdl 1 9.1a. (jjaJ 'll o j’y ua dc. a-d jjal-i 

La Aj-lajj 4JI jc-^l (jjd-a (jl j~y ill a j’y ua dc. 4 j«jLLal ^gjdal (jjd-a ^Idduil 4 a 12 jjj Id (jli 

4 lii jj j ^Jidl (jjiddl Id ^gic. of.l^jakl 

“dLlLall dllc. j<y oil j ^gj J^l Clllc. j-aadl .5 

a-ld ■‘Liajjl jjjd-i ^ jlLjJ-l ^>^^1 (jli |_L(l)j 4-lljC.VI 4J3 LoiIj A >d -y \l 4.1-ajjljdl (jdad 

jj-a d^ 4 ll J-aa. (_Jj 3 jj-a did Lj^jjoil LaS 4 idaiL Id j 4J ^Lai^l dli ^-a vly*i.i^ll 4 jI^jC.VI d J-d’ 
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Compiler for msc of cs 


^ac- / aIac-I — A_ujjAa /^jlxl\ 4 o 1£ — (jalull AjlaL^. 


cjA' t^A A ^jij <-ijjaij (Follow Sets) Cilc-jA^all j (First Sets) Aj^' elite jx^^AI 

LL(l)i 4 j9jS\ Jjjiil <■ q..o j lillji 3 juj elite jo-noII o3& jjg aJ j i—sj^)*-^ 

jA Clll& j; xi •N .all 1.5 

£ 4e.jli]l jl 4 el g j V jl 4 pi g j dlil£ pi jjai 4-1 j~n ill lei jail jjxaj *''*'■ I { _ S A X elljtSi lij 

; ajj^I itljii] ISaj ceVtAI (jjaaj A j AA jy > j t> j/ii First (X)i u)i 
. first(x)i =* {x} A € J A^ -Aj A x '\' -1 


jlix^ xlx2@xn eA^' A^ ^-'A' A AA' el^ia A^ >j (/ x '\' -2 

first(xn)i,,(first(xl ^Le ^ x^I JS tdA eejl£ lilj first(xl)i - { } A^ lSj 1 ^ first(x)i 
first(xn)i,,(first(xl ^Le ^^Jl lilt* 4 JU Aj A i<n Ap- A^ 

. A^' es A^ first (°x)lA A^ es A^ 

AA' jj-». A' c> ^ALi l 5^ first(i ) AoA? ? A first(x)i AlA c> uV'j 

<_£ dull lil Le=Jj first(xl)-{ 0}i A^ esA^ first () A xlx2@xn= uA 
} A& lsA 2 ^ first ()uli i<n uA A^ csA^ 2 first(xi)i,,(first(xl elite ^a^AI 

A=J (j A=^ first ()lA n,,i=l,2,3 lA A^ l 5 A^ first(xi)i A' ' jA j first(xi+l) 0 { i 

. cA 


^Lij] j_jV j A J*^l elite jxtaAl t- il m~v\ 4_eaJ)jl ja. A) tA-Jj^j A jg m.i 4iLuJI d il q i^)*l]l j 

jjx»A^ cd]Aj At^. ^2 Jaa9 Aj» >AI (jxiS'i I .a in A jg mil Ate ^2 4 el g ill jjxsA^ (A A. j.a'N.all 

; JLais 4 A g l^Ql A elite, j xi -n xi \ I c_ A Ill's; 4 >^>l e A_iStllJI 44xsjjlA^I (_jA 4 Til g j^Ul 

lei jSL j)\ ilk.1 I 3_9^. J 4jta. (^3 4 q j\ mil 4_ixs jjl 4_A- OJ& txi 4ljg >mj (_^A txlajl ^j5xaij 

Ae JaS3 ^j'i-s'ni! 4jtaJI o3A A F i TSt ( A) j (j^ ^ ; ‘ xal ■ M A^ 

;Aj ^ ^Jx^aioi 4.. L .I.I I . A A°jj'A^' A ai ^i First(xl) i 


; { }= (For all nonterminal A do First (A 


While there are change to any first (A) do 


For each production choice A xl, x2, x3... xn do 

;(Add First(xl) to First (A 


AJ' A-A-^ Jaa9 a ^ a 1 ^ v >J Aj^' J-a^-ail eje 4_il3 txsjxje J 

AjAaj Lxlaji A) U^J A°A^ L>® 4 q"ntixa\l ( Sj^aJI (Jjail^Lai ^2 (J jl ial (jl ^jSxai 

4_!taJI o3A ^2 4 Ac- A A (_A' J A®A^ 1“^ (A® (_3*ixrt*i J (jSxai F 4ejta]l 4lmiuJl elljtS 111 Lo 

eJ^' A^ j die £-1 jiU ujA A AA V A«j c$li (Nullable) A A^ A® j 

. A^ e5 A^ First(A)i uAj t /' 
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Compiler for msc of cs 


AiiljUC. jaC. / -Sl-iC-J — A x x,\. y 


\ A jjl g flUl jVI Cilc. j x> -Noll ^ iK ,i-v I AjiLa^M (j-a A.C- j.a-v.a ^.iaj ^jVI J 


7 J$* 


(j-a olLJa^jC. j_jl Jjjjoi j JaiuiJI ^ >^iLl^)]' A >.ol -\\l A_Jl!i]l A-ij~s 'ill ^C-l j£]l ^_ya^)SJ 


exp exp addop term | term 
- | + Addop 
term term mulop factor | factor 

* Mulop 

Factor (exp) I number 


(_]£. £-a jjt^i-a jLiii.1 (_)£ Cliaj A q j\ mil A-ij~v ill ^c.ljfl]l AjliiSi .lutj j_jl (j-® 

LaSi CllljLirk'^l adii (j-a jLirkl 


exp exp addop term (1) 
exp term (2) 
+ addop (3) 
- addop (4) 
term term mulop factor (5) 
term factor (6) 
* mulop (7) 
(factor (exp (8) 
factor number (9) 
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Compiler for msc of cs 


jiiljUC. jaC. / 4uiS — A x x,\. y 


A iajaLlo]l A_ixjjl jiaJI aAiJiuilu) JlSlbj (j-ajJalu jLiLU (_gi ^Jc. (_gj'iVi V A_ij)*v 'ill 3c. I j£]l Llli j 

^ 3 j jLilkLM j (l) j-^Vt (j-« d^ (jl A )-»*s^/La L_L^J cd]L (_Jj 3 (j^ j jV I Clllc. j.a'V.all ^ il , ,i-v I 

1 g » . .o j ^3 ^IaSCLol/U ^ I > *aJ V Ajj*s ill Ac. I j£]l Lilli (jli ^jLaii j ( 5 ) 

t_j ^jLoiVl Iaa ^^3 ^ ’i-v'Cn/'U t.jl^jc.'^l J ja^. l^J (j) V j LL( l)i ^jIjc-VI i jU 

Acl_jii]l Lit) 1 g LajJalil A Til g j^Ul j^a^d ^ jVI Ac. j.a'N .all t_ )\ m*s A jilaal ^LaJ V lift (_j 5 L] j 

> .o'lj > ii La LUa j A .ag .ati oAA ^^3 (_ 5 jLoiJ (_g jL^J Cll'^)l 0 La (j-a oAliLuiVI ^»Ac £-a 

Cjljjij]l -laAS <J jA^JI (Ja> mJ Clu^. L 1 ]a Clll jItL (J jA^JI J <_d jL/l ClAc j.a-N.a\l il m-s Ajc 

jj*j Cl] jA^. ^»Ac Ac jls]l CllLLiJI j <L 1 ]a CllA^l jLiik^U <IjlLaJI AjliJI ^ i"v w*i ( _ 5 Lll 

m ij) Jrv II aAA ^3 

jjij (_^l l^j I'tK j ^ Aj^/ JjjLaJI (J jA^JI Jg )Vi V C5-^^ J * J.d ' J Ajulj ojjA ^Lajl (j-a V J 

;Aj]Li]l J j^l Clllc- jo-Noll t- ll ma. (j-a Cllljj 3 Ajli JUlljj 


{ First (exp) = { ( , number 
{ First (term) = { ( , number 
{ First (factor) = { ( , number 
{ - , + } = (First (addop 
{ * } = (First (mulop 

8 d^La 

)l g dc- j£^)\ mdl ^La^dl 3 j«j (_j^S j jf A_a<aLkJI j A-utdl A_jj~s 'ill 

statement if -stmt | other 
if - stmt if (exp) statement else - part 
| else -part else statement 

exp 0 1 1 

jxj]! Ail (_^l Jass else - part j-aj^' j tgj cjljLlkl u A 1 - ic -' jail j 

L^ A Ll g &1\ jj-a^i C5^Wj I La ^a Ja3S 3j3xdl L) JJ^.. ‘ 11 cs^^Wj dj^dl JLl^. ^j]l 

^jjSj C'n-v Aj\»q\l Aja-a^)d' CllliL A^^aLaJI Ajj^j]l 3c- 1 jill (. - Lc-I ^ o^lc- CllAikJ La ILa j jjLli (j] j 
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Compiler for msc of cs 


jiiljUC. jaC. / ‘UjjjXa 4uiS — 4jt-ad 


Lgjlc- (_£ jldi dljldk^l Idi JjjLdl (Jl!La]l£ j Ajlil] 0-i j,W.a (jAjdjJ ^^dl dljldk^l 

| ^TJ\Si (J>.oq La i_]SjoU 'ill ^C-lja]l 

statement if -stmt 
Statement other 
If - stmt if (exp) statement else - part 
else -part else statement else -part 

else - part e 
exp 0 
exp 1 

i^LJI (_Jl!La]l ^3 LaSi 1 J^l j)xi , vxi'I i_]l m-s dlljjJ j dll j 3tn ^jJa jJ ^Jlii]l (_) j. W \l^g 

^ J^\ die- J<a-><a\l (Jj^aj jj*j ^1 lg_i d.lij V ^jdl <!ul!ul ojjAII ^LsjI djj 

{First (statement)={ if, other 
{ First (if-stmt)={ if 
{First (else-port)={ else 
{First (exp) = {0, 1 
9 Jtl® 

i^aljSn d^UJI kM\ Ajj^I jftljSlI Ju 
'stmt-sequence stmt stmt-seq 
| stmt-seq' ; stmt-seq 
stmt S 


(_5^ _jl idl (JS 'dlc-lj a^ya j 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 o 1£ — (jaLull AjlaL^. 


'stmt-sequence stmt stmt-seq 
stmt-seq' ; stmt-seq 
'Stmt-seq 
Stmt S 

; aJIHII J jVI dllc. ja^aII l _ s 1 c . (JjugaaJ dl jj3 Aj!>Ij .Axjj 

{First (stmt-sequence) ={s 

{ ,;} = (First (stmt-seq 

{First (statement) = {S 
AjIIjSaII die. ja^aII 

jA^)]l Ldjl J Adi g j j^AJ i_JA (jjSlil FollOW(A)i ^c- JA-^All jli Adi g l^UI J)JA^)]I -id _jA /\ lil 

;4dldl 3c. I jill ta9 j diVLaJl (_>d ij $ 

. Follow(A)i tsa uj^ $ >j>Aj^ 'a 1 (1 

Follow(A)i uj^ <-&* o-^ 'a' (2 

. Follow(B)i ^ Follow(A)i Cp ^ lS '^li ^-iA jl£ lit (3 

l-Lld e3c. 4 (_jSaj 4 iIITiaII Ac. ja~n aII JjjLdl i aj^jxdl j 

Ajldll ja , jl 4dl.'lll Ac. j<^> a\I ^^3 ^jg Jaj d^l A3 a 1I Ajlgj ^^Jl ejld^U ^A'dn ^dl $ _^a^)II C 5 ^ ijVl * 

aIa^. £jd Ia jli ^^Jldljj d^l A3 aII 4 Ia'N 4ds Jjid (_£dl _jA AjIaJI _)aJ ^>aI l3A j 

.idl^l A3 a\I Ajlgj ^jdjA _jA dj^lA.-dl 

^ jgid Igi ij£l dJjj Adldll Ac. ja^aII ^3 jg_ld ji c£^y Ad jlill UaUI ji Adldl 4_Ldll * 

.d^l A3 a1I aIas. dl3^)SA jjAid lA j_jgJa (j^AJ V j JaS3 Ac. aII 

Ac.ja'N a\I i S^lAj cdlj J 4 Til g i^UI jjA^)U Jaaa l g jl joia. ^d 4dldl 4c. j<\ aII ^ji ^^gJ A!l]l!ill 4 J->Vill * 

(j^ddl (j ^ J Ldajl 4 Til g l^UI J 4dlgj]l jjA^jll AJjaIu! J 4 i'll g ill jjA^)l] l g jl Hl*\ ^OJ (jlS ^^lill jVI 

C—ll^C-VI (J J-li. f.ldul J J-d idlj J Ajll'ill ^C.j<^ a\\ Ajjdllj Idajl ^d j_jl 

_iaaa A i'll g l^UI jjA^jllj 4 >^il All Ajlldl dllc. JA-S aII ^IIsa LL( l)i 
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Compiler for msc of cs 


JllljUC. jaC. / jljcl — 4uiS — A x i . y 


(j ri^at ) ill (j/s (j-aj^l t- i'll •%!! (_5^ c - '.IxCiatj 4_ll!ill 4g. j.a'N.aH i aj^aj jjl ojja^l 4 J-»Vi\l * 

(jia 4-alc- Sac-lsfi j 4-jj~v ill o^clall j^a ^jauVI c—iilaJI ^Jc. -■- ft " lit -j (jt£ (_£.3I cs^ jVI 4 t-.j ^ ^'1 i aj^)*j 

o^c-la]l jj-a (j-«yVI c—ijlaJI Igj^/ 4_illill die, j.a-v.a'1 ^aLoujoi 4_ijd o-ic-la ^ jldkl cJ^ 

4e. jxi-nxiW l LijJajjwj 4jjj*j o^c-li jLilkl l£ (jl Jj^l j*-*. a'I 4JU r'thj V li& j 4_ijjd]l 
SJ&151I (j-« ^jjouVI t_jjLaJI (_£i]l ^Ig-i^UI j-a^l J* J ^ \;^ j t jjl ^ j V 13-*^ J jVI 

_4jj^_i]| 


die. j^a-all i_lLu 


^ 4jx3jIj^JI cdlj 4JU1I die j .a •n .a 111 4_L«aLkJI 4jxjjl^iJI ^.iai jjVl j 
La£ (jj^jut J dllc- jo >< II lilli] (jjjLull I— i lia J 4-iMI 


;{$}=: (Follow (start-symbol 
;{ } = (For all nonterminal A start symbol do Follow (A 
While there are changes to any follow sets do 
For each production A XI X2 Xn do 


For each Xi that is a nonterminal do 


;(Add First (Xi+1 Xi+2 Xn) - { } to Follow (Xi 
If is in First ( Xi+1 Xi+2 Xn ) then 
;(Add Follow (A) to Follow (Xi 

^ 4jl_2k. ^ 4 q j\ mil 4_i/a jjl jdH Jaj.mil (jSi-aj 4jli jVI die. j.a’N.aW 4 Jjdlll t'lh LaS j ^jlallij 
4.1131 die j.a->.a\l c_iLaiaJ 4Hal 4 j!>Ij jjVI ^.Aajj <e jlaJI 4loiL3l LS lc- (_5jiaJi 4jjjsi ic-lja J ja. j 

.IgJ jVI 4e. j.a’N.a'I )\ (jl (jiui ■‘diLa'^l (_>d J 


10 J15- 


i." lie j -a •Noll t— jL. aa. ^31 J Jajjaajll ^ dLi^jl ^jmMli 4_ualaJI 4-ij~\ 'ill iel j3l (_pa^)3j (_£^a.l a^ya 


(first(exp) = {( , number 
(first(term) = {( , number 
(first(factor) = {( , number 


in 




Compiler for msc of cs 


— AajJaLj^il 4 _ui_j.Aa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


{-,+}=(fi rs t(addop 

{*}=(first(mulop 

(Jj^gaila i_)£jau 4_ijisdl Cc-' j33l lillj CllljliiiJ 4 _Aj 1 (jVI .11*1 j 

exp exp addop term (1) 
exp term (2) 
+ addop (3) 
- addop (4) 
term term mulop factor (5) 
term factor (6) 
* mulop (7) 
(factor (exp (8) 
Factor number (9) 

jjA j ^^Ic. V (9) ‘(7) ‘ ) 4 )‘(3 ) <4i j <0*411 ‘■4 ciiia. 

^■Vnunuj 4_JljlaJ1 dilc- t_ )\ ua, lie. tlili i LlJjj (j] Igjli JUllij 4 jj^ 41 olc-lsl] t - lil all 

4 >.o1 <11 4 lliLall <c. jo’NoW Jj) ^o^)]1 <iaLCali ilii (jl ^ic. Cliljliia.'in <_ 5 ^W 

^jic- jjjJjoi 4jli \ jLiik'il allallml lie. d]i 1 *jj 4i.jli llllm Igili <iilg-i!/U1 

4iLia] all x u clip, term ‘addop ‘exp <4t$j V jj-#j 4 -\\l iLlliiidl cilc. j.«-s.«\1 

44 exp J <44141 Jl Firsts(addop) 

{- ,+ ,$} = (Follow (exp 
^ i . «aii 1 (» l» a>j La-« addop 4 <Lllii41 <& j.a->41 J] First(term)i <244 ~"'j ■ » dill j 

{Follow (addop) = {(, number 
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Compiler for msc of cs 


jiiljUC. jaC. / .slAC.) — Aui£ — A x x,\. y 


J <JCiLall Ac- j,«-n,«\1 ^gic. exp U AjIIjIaJI Ac- j.«-n .all exp aJ^' 4 ^ Ac- j.a-> .all <■ <a\ IjjiU j 

ic4 ^ ^u^i] term 


{-,+ ,$} = (Follow (term 


J& J term AJ^' 4 ^ AC- j.a-N.a\l ^gJI exp J AJllLoil Ac- j.a->.a\l AiLia) ^aJA ■ ■< 2 j4^ .lie. J 

Ai^aliJ! A jlliiLall Ac- j.a'N.al' aJL^. ^^liilljj JjjLaJI ]_ ^j\ fiAV' £as j_j! Jjjja) La 


. term (44^' 


term J aA-^* 4 ^ a& j.a->.a\' 4) First(mulop)i AsL^al ■ u 5 4 j j 4^^' alA^Lml lie. Laiu 

La£, 


{*,- ,+ ,$} = (Follow (term 


mulop J 44 “^' ac 4! First(factor)i <al^=) 4^ 4 

Follow(mulop)={(, number} i 


Factor J aJIaLJI a& j.a-N.a\l J] term J 44-LJ1 Ac-j^^all AiLial ■ « ljji.1 j 


{*,-,+ ,$} = (Follow (factor 


Lalu factor <.44-^-^ j-aj]L 4-j-alaJl AjllliLall Ac- JX|-NX>\I AlLa. ^jic. 6 4 J j4^' ^l*''*^ 1 "' jiijJ (j^ J 
exp -i 44-LJ1 Ac. ^jic- first(')')i AsLjal 4) ( 8 ) 4 j j 4“ l '^' ~1 aa 1 l.i 1 ^ijjjoi 

: 


{(,-,+ ,$}= (Follow (exp 


c^' Ciljjl]! ilii A ill g £Ut Ajl'i'i^ll Clilc- jxi-yxill ^ il , 1 Jj^l ojj^l ^gTn LUj .lie. j 

f . Yi A jlliiLall dllc. j.a'V.all adti )\ m*s dlljjl] f L-oAl-a (Jjl^l ‘•"n*s llflA j 44 

dlljLilik.'il ^IajjjoiI 1»j Ajjikill leljiJl allljlliiJ <j-a jliikl (JS ~IaA‘i..iI 'nr. r’v Wi... Clll jm'ill 

;Aj]t 2 La]| Clllc. jxi-nxiII c_)LaiAi. J 4 ' JJJJ (j^ <_ 4 ' 9 , 7 , 4 , 3 4 j 
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jiiljUC. jaC. / -Sl-iC-J — 4uiS — A x x,\. y 


t- )\ ua, ^jllllljj JjjLuJI (J j.laJI j£ lal ^1 ^^lll <111111 ojj^ll ^ jjjxj (_$\ Cthj (jl j 

; 1 g » > >1J j _ s ^ ^il LaS Cjjf'"' 1 *' J 4 nl g flUl 4-ullll dllc. j-a-y.aH 

{(,_,+, $ } = (Follow (exp 
{Follow(addop)={ (, number 
{(,*,-,+,$} =(Follow(term 
{Follow(mulop)={(, number 
{(,*,-,+,$ }=(Follow(factor 


11 Jlk 


jlc- j.ay.all t_ )\ my J Jjiui (_ 5 .HI j (_5^>^.l oj-a jf jxlj 4 >.ol y 11 1 ill y II l_jjy ill Laiajl 

lc5^ ^ Clil£j 8 J Jllall ^ I4J JjV ' 


{First(statement)={if, other 
{First(if 0 stmt)={if 
{, First(else-part)={else 
{First(exp)={0,l 

Ajjajll -iC.1 jUI allljLirkl l_lll£ oJllc-Llj 

statement ->if 0 stmt (1) 
statement->other (2) 
if 0 stmt->if (exp) statement else 0 part (3) 
else 0part ->else statement (4) 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


else 0 part (5) 
exp -> 0 (6) 
exp->l (7) 


V JJA J J Cs lc. O-yVl S-“bbl C5^ L5 J^bi V (7), (6), (5) , (2) f»3j till jldd^l u' 


L_jjjjl]b CllljLirk'il ^b dba a.laJLmiuij 4-Jl2Lbl dllc- j-aa-dl mjlma. Aic. e ( _ s juj >■ b . >)"i (j] Igili lillil 

bajjj statement ajIaJI ^ ^LaJI aJIiLoJI <& j-a-a.aH J] $ j^jil Ailbab 1.14 (jl LS lc. 

al.laJi.mt Aic. bib A*-Jj Ai-jli lAlim Igjli I Ablgj^/UI jjxj]b 4 maLaJl 4_JllLaJl dllc. j.aa.aN ^b 

j-ajli 4_ilblbl dllc- j.aa.aN statement -J ^bbidl djlc-j.aa.aN 4ibja] > u (1) jLirk^t 

igbj ^ if 0 Stmt 


{$}= (Follow(if 0 stmt 


Ajjlgj^UI j^ojib 4amaLaJI 4_illlLa]l clllc. ^jic. blB jjjj i— S jjoi (3) f&J jbba.^1 ^l-laliml Aic. j 

exp b <bbid1 <& jazAW first(’)')i <abj=il ^ dip. else-part, statement, exp 
statement b <bbibl j^A\\ Jl first(else-part)-{0}i £ follow(exp)={)}i 

:JVd 


{Follow(statement) ={$,else 


J 4c. j^amJil Jl jf- stmt b 4jJblbl 4c. j^a-dl 4ibjal Jj I jjdi j 


else 0part 


; Jj LaS La-iimab statement J Jbidl 4c. j.aa.aN Jl bj=jlj 


{$}=(Follow (else- part 
{Follow(statement)={$,else 

(jli (4) (bj jbikVI ^l-laliml Aic. j Statement b Jbidl 4c. j,aa.aN Jc. jjjxj dj j-la. ^.Ic. iaadbj 

dj^aj J (^blj statement <bbldl <&j,a.>.,aN J] Jiab^l else 0 part b Jbldl Ac-j^bl 

ajj-bl I.J Adlgj^l jjjaJ Jbldl dllc. j.aa.aN t_)LujaJ J j*^l ajj-bl liUbj I Jr. jjjili J 
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AiiljUC. jaC. / 2.1C-J — AujJalj^l ‘UjjjXa AuiS — Ajt-aL^. 


<& j.«-n2! statement 2 422121 <& j,«-n2! Ail2a! ^2 2y». (1) <2121 

2^ ^u^2 (if-stmt ) 2 <22121 

{Follow(if-stmt)={$ ,else 

<212121 <C- jo'Noll <9l_2aj ^gJ! <jli (3) ~j\ n<V' ^I.l2iui! Lai 

^^2 jf 0stmt 2 
{Follow(else- part)= {$,else 


212 j statement 2 <212121 <c.j-«^2i a..u.,21j e- L fA <_£! (4) jblk'il Javc.'I j 2 u <j] !jj 2 Jj 

<2l2i2! dilc- ja^a'I LS \c. j2u ^1 di-iaii (jl ^^21 <221 ojj2I Ia2 <212! ojj 2! I _ g ^2j 
; 1 g » i.±-i j L2 <21212! dilc- j.«-v2! 22 (jj^j clu^. <2lgi2U! 

{Follow(statement)={$,else 
{Follow(if-stmt)={$ ,else 
{Follow(else - part)={$,else 


{(}=(Follow(exp 
: 12J22 


^2! j j-«!jV! ^j121j a >2 <1! <2*^1 <jj^2I ^c.!j 21 <21212! dilc. j-«^2l t_ il uaj 222! 11a 

; (9) <2 j 222! ^2 1^21 

'stmt - sequence -> stmt stmt - seq (1) 
stmt - seq' -> ; stmt - sequence (2) 
— » 'stmt - seq (3) 


Stmt -> S (4) 


; ( _gL L2 j J jV! dilc. j-a^-2! t—iLuta. (9) <2ij 222! j 


{ First ( stmt - sequence ) ={ s 
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Compiler for msc of cs ASiliic. ^I^j) j^c. / ilic.) — ^ jl*JI bijaa jl*JI aJS — jalult A*jala. 

{Frits (stmt) = { S 
{First (stmt - seq' ) ={; , E 

CllljLiii.'il gib ^CalL^l C'n-s Ai]lila]l Clllc- c_jLuia. gic. jjjJ (4) J (3) f&J CjljLua.'lM J 

IaiLui AJliiall dilc- gilij stmt - sequence J AJllLail Ac. j.a-s.a'1 gJI $ Aibcab l^j j 

|glj LaSi A jliiLall Cilc. j.a'a.all (jjfvLoi gj j^\ ojj.bl c-l^lill Caij Ac. jli 

{$} = (Follow (stmt _ sequence 
{;} = (Follow (stmt 
{$}=( 'Follow { stmt _ seq 

-LS Jh LaSi AblliLa]l Clllc. j.a-N.a'1 C5 iii- Ul cs-^Wj ojjAII gi jj* J ^$\ Clllaj (j] j 

LL(l)i ^ 

gi A_JI ojLai'^l Jjjbbl j LL( l)i ^-ll^C-VI Asj^la gj (J j-la. e-lb AiiiSi ^jVI ^^jCb 

tia j f.bbl ^jj Cilia. o-ia. jll oCA (j-a AijUl e-l^^a-Vi 

oCA gia ClibjLaJI Ca.1 gA a Cilia. J^LaiabM dliA j Ajjaall Cc-I js]1 Cjljbia.] (_£.la.) jA (jl£ Ij) 

M[A , a]i j IjCa. Alia. gJI AibCal ^Clj AjbaJI 

blbiA j Aijaj]l Cc-ljill Cjljbia.1 (_£Ca.l jA ,jl£ lb] .2 

Aila. gJ] AibCa) AJlaJI oCA gia Cllb^ji/JI (_£.laJ gA a J AjIcJI _^/sj S Cilia. q'i Cu V 1 tillbS j 

M[A , a]i s->' j^V 1 J j^a. 

J! gi (jj^j Aailiill gi Laiu First () J' ^ gljSn occ-lill gi JjSj a ibjLaJI jl ^c=l jj 
LL(l)i: m' j^V' J j-^ cbnj o-aUJ' ? jj' J) blbjj Follow(A)i 

AjlLaSn g3 IgJ (_pa^)3illll (jjbbl Ajj*s 'ill Cc-ljil] Cjl^jC-VI (Jj-la. e-bii A_uabaJI AliLa'lH J ^jVI J 

/oCa. _jll oCA (j-a AiLbbl 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4 u 1£ — ^joLuli AjlaL^. 


:13 


oAA a^ya 4/il.lilLuil aj (_£A]I JaJjuuIl ^ 4 jj*\ ill Ac I j£]l j^yzi^) 2 j 

i a ^ aj AS3 (_5jLaiJ ^^Jc (j -a > -oV' ^ ' ‘ ' l ^ ■'■' ^^5 Acl_j£]l oAA j_jl du^j aA^. 




*1% H^)l J (_g^)t *.i ill 


'exp term exp 
exp' addop term exp' | 6 


+ addop 


'term factor term 


term' mulop factor term' | 6 

* mulop 


factor ( exp ) number 


Ac. I jSJI liltj Ig j\c (_ 5 jlajj 4jjlgj!/UI jjxji] 4 jMI j jVI Clllc jx>-N<a\l t_]l Uj^k ■i ? U 1 ^ 

0A3J iaaa AjjlgjJI 4 ^Aaj (jl ^jic 1$ jtai] (jjjxlfi CjljLaiiJI oAgj cdjlj i_S jjoi J 4jj^jJl 


!c5 L La£. (jjSlLo) J 4.C j.a'N.a'I 

{ First (exp) = { ( , number 
{ First (exp') ={ + ,-,£ 
{- , + } = (First ( addop 
{ First (term) = { ( , number 
{ First ( term' )={*,€ 
{ * } = (First (mulop 
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{ First (factor) = { ( , number 
{(,$}= (Follow (exp 
{(,$} = ('Follow (exp 




Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u1£ — AjlaL^. 


{ Follow (addop) = { ( , number 
{-,+,(,$}=( Follow ( term 
{-,+,(,$}=( 'Follow ( term 
{ Follow (mulop) = { ( , number 
{-,+,(,$}=( Follow ( factor 
ijj La£ jj%y (J^l\ j Ajjajll -iC.1 jail lillil LL( l)j <— lljC-Vl <-) ijVI J 


|_|_(l)j c_jl jC-^fl AiLi^ia ^jau Aic. (_Jj3 (_ja AaIsjC- ^aJ (_£ill (J j-laJI J& (J j.laJI lift (jl l"n*s 

:14 

iAiSVI jf JaV 2 2_Jj*s ill ^C.1 jill (jlajSJ 

statement if -stmt | other 
if - stmt if ( exp) statement else - part 
else -part else statement | 6 

exp 0 | 1 

: US l*j 2^UJI aJIHIj JjVl dilc jas-aII c^I£ ^Ij 

{ First ( statement ) = { if , other 
{ First ( if - stmt ) = { if 
{ First ( else - part) = { else , 6 
{ First (exp) = {0,1 
{ Follow(statement )= { $ , else 
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A_ujjAa /^jlxl\ 4u1£ — ^joLuli AjlaL^. 


{ Follow(if _ stmt )= { $ , else 
{ Follow(else - part )= { $ , else 
{ ( } =(Follow(exp 

La£ (jjfLjjui ill J ^cljflll tillil LL(l)i i-jljcV! <-) «-tij 1 n5<aj Jllillj J 

|_|_(]_Jj a-jl^jC-VI (_Jj 3 (j-a ■‘UJa^jC. JjjLaill (JjAaJI (_>aaj _j& Lk-iajl (J j.laJI li& j 

: 15 

(j-a I g A 1 1<j‘i (jiui (_5^l J ^)-al jVI 4 >.-il -yll 4_iiVI 'll! ^C.1 j£ll SJ 

'stmt - sequence stmt stmt - seq 
stmt-seq' stmt - sequence | 6 

stmt s 

; J^\£ l*j <^UJI aJI^Ij JjV I CjlcjA^all C^l£ ^Ij 
{First( stmt - sequence )= {s 
{ First( stmt - seq' )= {; 6 
{First( stmt)= {s 
{$} =( Follow( stmt - sequence 
{$} = ('Follow(stmt - seq 
{$ , ; } =(Follow( stmt 

\ ( _ 5 ll Lafs, 'ill .}C.I_js]l adlu (j-alaJI LL( l)i l - 7 jl j )C''^l j 

4^Jal j^VI Aill tjJ j£jll JjUill CJ JC^I . 
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Compiler for msc of cs 


Ailjuc. jaC. / A.1C-J — ‘UjjjXa 4uiS — A x a\. y 


eA^ ^j]l ^2 1 g <a i. vi'i Jjiui 4_iAal L-jl^c-VI £.^ 2 iJI lift ^2 (jislii 

j \ g <a,Vq j <_5^l oA^ JJ IgJ ■‘U^aliJI 4-jj-y l\l 3C.I jil] ^yajS^ <3jLui]I oA^, j]l ^^3 ^li LaS jVI 

_cd]j A*J ■‘LAal ^)*Auil (jSu«j 1 al/s (_5^ A\l (JfLjA Ai-lila 43 LAsVIj j~v 'ill o j'N A c-Loulj 

wSltu 4 >^il -yjl 4-jj~s ill 3C-I jil] (_JjlLa]l ^jA j I EBNF lJ^ ‘‘'" -aA^lmJ j 

\A ihl mil oA^j]l ^^3 BNF lJ< A] I ^lAiJLuilj \ g .^ijr. Jjjjai AjjJal ^jjsVI 


program stmt - sequence 
{stmt - sequence statement {; statement 
{statement if -stmt | repeat - statement 
assign - stmt | read - stmt | write - stmt | 

If -stmt if exp then stmt - sequence 
else stmt - sequence ] end ] 
repeat - stmt repeat stmt - sequence until exp 

assign -stmt read identifier 
write - stmt write exp 
[ exp simple - exp[comparison - op simple - exp 

= | > comparison - op 
{simple - exp term {addop term 

- | + addop 
{term factor {mulop factor 
/ | * mulop 
factor ( exp ) I number I identifier 
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Compiler for msc of cs 


AuljUC. ^yaC- / jl-lC-J — 4ui£ — A x x,\. y 


AjI-Ij ^^3 (JjjLoi]! L-ll^jC-VU ^laJI jUaVI £jjj A_ikaljjaVI Ajt_l]l L-jl^jC-l o-l ^. jj 

.l^jj i"n*s <LLJ\ A 'll . 3 C.I jail a^uiLLa (JjLsj L 5 J^J^ f-l^^l _jkic. (_£-lk (ja Qj^JLluij O.AA 

Jjlii cjl^lj^l A^kj Statement _>j^ j±\ j Stmt-Sequence ^^VUI *'j^] 

jja^)!] (Jq"n«a dllf l^jsJ U.3C.I i_£^j^yjal\ jja (jaU J . ^ ^n*UU AaaalkJI C1 jIj_j] jVI ClAjjkuia 

A jaailU f. ( _ 5 jai]l (ja&j j Aj AUajj^jall ^AlxUI (ja I £..' r ~ 1 S^jajlU ^ q'iS i j i " )\ i\a» II (Jliaj ^^all A i~i\ g j jUl 

Stmt - Sequence >> J' l£^' j j*' jVI l> £jUj -> <U Ui^. Program >» 

tilU flc..Vn«lj IaiS Ajaaal ^jlaVI AjlUIj A >.si\ All c_]l^)C.VI j (jli ^^JUiUj (UxslU f l^sJ AjlLoj (_£.UI 

_ o^uiLla fl^jiwVI 


f.Liii aJUUI oJjLjJIj Ikq'i-sj ^ill Lookahead jyLUl L-aU (jajJajj c_jIjc.VI ij.ii.jj 
GetToken e-lc-yalj ^jL <jl ^ ic- SA-ii-a ^-a jjjLLUl jivil match s-lj^VI j a^j^USI 

fl^jal ^lAklLuiU l_Lxk aJLoij j^Jslj Ajli VI j aUIUI oA^ia]! ^Jc. (Jj>.o*v\l jjjUalill lift ClljAa. AjLi. 

.1 J-iA.ll aJLoij A^ljlaj fJ Sj ^Ul Syntax Error AaaJ (j£U j illi] (jaalk 

flc-Alal ^jj Lookahead jkCLUl U^U CjjlkAa]l i_ilaj sa^^ J jl (jjjkiij a-iIjc-VI ly j 

^Ul jajJI o jaui £-y.jl (Jja ckVCkAall cJiL Ajl^j jULkb eJ L ^ill Stmt - Sequence 

_l g La A ilak. A-k-mj Ag.1 jJa] ^j^»l k a.1^^,1 jl^c.1 ^jSxii t _ s ^l j l&slij 

»l 3rs VI (j-a f-LaJuLoiVI 


oa^.j oj^a (j^aj (jjlflj ^1 j (Syntax Error )^jj^I <^tJakV' obci t_ilj&VI o^.j u) 

^1 ajjoiLoiV' lL«I ^*JI (>a IJl & jii*j (Error Recovery ) eUa^-VI ^ a-lbtiaiV' t_ilj&V' 

filial ^-aLj^jj]! jA Ajj^yi ^yi cjyy yc. ^jj^VI ^yi j ^jkall ^l-lklml Ajjiyal (_^Axs 

(j-a Ig-al q'i jual t _ s ^l yLiyi A ill k Ajill i Sj^jyi (JjaiVLai yj-aj (j-a cd]i j V ^1 A-ij~v 'ill A i~sl ill 

^gk A 'll a-Uak-VI ^ j ^-aLj^jJI Igj C-jjlSxill Ap^a^)j]l AiL A^alkJI A-jj~s ill ^C-l jl]t 

_f.Uak.VI o^A (JlLa] JJjolj (jl Aj V Ajli ^c-aU^jUl 
(U*-UI ClAj_jjjot/s o^C- iUUa (jli Ajj~v ill £4**a]l (_iUkj A_iLa& (j-a t_j^jiLui]l (jj^VI iaJI liA C_ljLa-J j 

Uak (J jV JaVI A ~v >>il J Uak aJLoij LaaJ jjl t_jl^)C.VI 0.12k. j (J jLaj La^j-aC- j fUakVI o^A oLsCi 

Uiat ) ujA^j t-jl^jC-VI C1 iIa^.j (J>»» ) J (jlS-aVI J-iU UakJI Cllj^. (jlS-a iiA^j ^ jl^-a £-a Ajl >tnSI 

^g2 Vj (j^.aJ V I^A ^al ^j]l ^g3 (j^j jl (_]£. jJaj AsUouSI (_^UI I JakJl ^ i~s >^tiM Aij^ia ^y.jl Ajjl ~vxi_i 

<1 iHkj j Ajy Sfii£ cjU v cjVjI^ui yuki ^ a^luij UlluuIi ^u=Lk‘vi yu 

o^a. j lg_j Ua tj^U fUak-VI ^J~s ..o") A-a^-a (jli 1-lgJ j Aj ^Uill 0-a^bUI iSj^i ^ aC " 

^jUa-a ^^3 ^jiajkJI (jjJ A ~\ >>)l j I Irk aJLoij jUjU Ajj» . iUUa (j_9^j ^51 _jl! ^^3 (j^ j t_jl^)C.VI 

_Uakil liA .^i i 

AjaJJ^a l§jl ig 1» a ) I g xijoat'i (j£-aJ V j AjJ^jS (j_J^j fUakVI (j-a flsajjoiVl t_jULu)l L- lie. I jjli Laj-aC- j 
A 1X1 i_ial A kll CkVUUI (j-a Jj^jUI ^-a aVK ^ Cjl^jC-J Aiajjljkj A x^al k j '/vV W ^ A^-a^)j AjlL 
o^lc. jUjoVI lAJlk.1 ^lu <^5^1 A-al^JI Jaliill lilljA ilU ^-a (j^j ^slc. j Ajjat . ^> ^-a 

:^Vi ^ Jlaii ^gUlj 
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Compiler for msc of cs 


jiiljUC. jaC. / -il-lC-J — 4uiS — A x Al y 


C5^j LS^Ji '^Ha (_g-9 ^jj'vl'ill j_jV (jlfLaVI jASj l^jflia I ItnII i sLauSil (J jld j_ji i.j\i a-ll^C-VI oA^ j (jl -]_ 

.1 Its II IaA d j; ' jjldaj cj AjA^ j 4 jj;» 

t-lljtVt 4_iiaC (JLaSjjaiV (J.a'i~v.a\l (jlS-all AAd (jl L-jl^jC-VI eA^ j ^^Jc. c_L^J I JtnII djAi. Aju -2 

4 iqiq~\'l aLLd^l j) -a AjAaJI i sLauSI (_J^I (j-« >L1 ]a J (jlSLaLM jASj ^oaLj^jill jj-a _jJ^I j)S-al 

.oA^.1 j <Laa».jj 4 ilac. (Jl/ld 

ldj& dAdi ^1 j (Error Cascade) eUaa.^1 £j 12 4j£d« (jAlilj ji c_jIj&V' Sa*. j ^gic -3 

.Uadi I (Jjtilj 4_lajj^a]l (JjLa)^)]l (j^a 4liaiLa) j)J*-a I li^> djAa. ^jjj. 1 

dAd ^j3I j (Infinite Loops) *Uai,VI j>« 4dlg_i!>UI jjI jaII (jAlij t_il j&VI oa^.j ^glc. c_lsu -4 

.oAjAa. dH -y A -a Ajikj jjjA »l Its VI (JjLoij jj-a ^g^lLa JJC- £jIjj 

lAA Ai.u (jl Aj V (_^l aIAcL ^Ala]l (jli LIIaI (jditJI I g . -o» j £-a j__)Aa jLd 4 q j\ mil i slAA^/l (_yax jj 

. al Its VI £-a (_Lal*jJlj (_j-aldlt f.^2iJI aid Aic (jLluiaJl ^^3 

dWAll (JJ d 


Semantic Analysis 

4 n.Vil >^tn'I Ac- 1 ji]l j (j-dU-araJI 

^^glll dLa^L«-all (_g2 (_£^pJ ^^Jl 4jJ jj^a IjjjS ts^Li^l i 4 -N.a^)4l i" )\ » I t_uSljj .^r\ jjl 

<Laa>.jJ (J^.ljx a-\_jjl jA <_Ja j 4j 3 lAAjAdi ^JJ (_£A1I d3 j]l ^^3 Ldjlj lAAjtoJ (_5A-aj Ig jlc- (_^jdkj 

)(j<->~il II oAA JlLa] oAld-a 4jlLal ^ii La (jlj Laj-aC- j 4 I ii» >Tn ^»l ^-ali^JI 

. jjila]l dLUj ^ - 

. jjjarlll 4^aj2 - 


_t_JjaiLiJI o^jSlA ^gk ^)jiILa]l - 


_4-ai. j )j]l Aju al^^VI Sjiui - 


,AA*JI ^gi alSjVl A Ac- - 


^Ujl iLLa3 ^>^12^1 jl ^gjA^I Asall (JlLaj jl 4 4jLaC aLilil 4jjl!i (jjSj A3 (j^»~il >^rv\l adljj 

(jl (jS-aJ tdajl J _4^a^)j]l 4 jl] i L. nii~v ^g-usasl jl (^aI A^. 4j (j_j^j jl dlAli IaAAc- (jj^J A3 AA*JI 

jl dljjila (j-lc- (jAll jjjar'ill 4-aj3 AjAdi (JlLa AjAii]l alii! JaA3 qA )\ 4-aj3 AjAdi (jj^J 

Laj-ac j (Dynamic Allocation) (j^LJI) ^IjadJI (j ^j^-s'il l dlA dliln]! ^jjSIjj aja^J 

Binding -II AjIc. (jilaj La jA 4 jJ]I 4jjSj1j <JJ>.|-S<a\l Ig'ixaj'q (jlaJjj 4-jj^aLk ^ I t_jLoiSk 4_iLaC (jli 

4 jjou 11 j tq\'i-N<a uj^ (Binding Time ) -II cs-*^ i^SIa djA^. dusjjj . 4 j - d \\ j (_^aliJI 

4jLaC aLjiil ^d IaI _9 .L^^J-^I ^5!) ^ > A A 4jJ (j-a tql'i'Vo AS 4 i>^-il -y II (jdil J 4Atlda]l {_)A ll >-o'*vll 

(jl£ I a) Lai (Static Attributes) 4 i£l >n 4jj^ald 4 j>.ol -^li ^j-ad AjqVill aA4l <Jjs j 4-a^. jl]l 
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Compiler for msc of cs 


^> aC " / *^1*^.] — A_ujjAa /^j\xl\ 4al£ — (jdlull Ajl-gL^. 


uj*w. j^' lS^ 3^ (Dynamic Attribute) ^ a^ll IgJc (jlki till! 

.4_i£Loil! (j<Vil > .ok 111 JaS3 


fliil till! 4_in&l (_£Au j 1 g La (_]S AiAai dliSji 43^)a-al 4 111 mil (j<o~ il >.ok\l kllLa^/ ^aill 3ic j 3 V I J 

La Aai knajSSlI 4_iLaC 

dalilii £-3 (jli Pascal -1 ! j ^g-uul 4_aJ Jila (jSLoi iJ£di £■ jill 3iAal Igia ^jj < 2 ^ajj]l dilil ^3 - 
4 _La.ju «.ljjl (Type checking) ^j4! jliia.! 4 ilac j 4 _algJl a i£l 31 (j^L^akJll AaJ jA*Lal! 

IgiLilii £- 3 *— i ijj*j jLL 3i]l 4ail! diLijfLa <JS1 dililaal! £- 3 k 4-a^ 3i3ai diia. CjVV^II J4^i 
(JSjou diliLnl! £-1 jji AjAaL Lgia ^gj]l j Lisp 4! <J4« 4Al (j£J j . 4*111 3 c!j£ 1 taa j lg_La 3 ^ "ill j 
.£--«lijill 3iSLu «.lill Ujliia.1 J £■) 3^1 3lAail Sjiui 3il jJ 4ilc <jj£j ^a.jSinl! (jli til^pda 

3iaii sliil ^jall lillj t-lLuiaJ o^jLai All jSii ^ajSiiill ^jAi Lilia. kfl^pLLa (jjSSi La idle. dll jiialill al3 (jl - 

dlVVill <3*-® (_jlj ( 5 * 4 "I" 3 (J-Ls ) -laAS <0111 ^>i3 (_5-1 c- (_g jlali 3^ dl3 ij»Ml (jiaaj 3^4 J ^oali^jll! 

.4najll! fliil 4lilg_il! jjja'ill 4*i3 3laiV Ig ll ua jLiai 

dllaj^aj 4*111 L. n.i*v till! J <iljVl.a jl 34Lo) 3d"4 U 4a I OJ^IaII ^3 dll^jiadall £3 ju (j.ojt.oki 3 * - 
_1! 4*1 { ^3 Laill 344 d 3d^ dlljlxSLall ^l.a’N t ^* vn*i 3 I 9 FORTRAN 41 ilii-as <11! jjiLall 

dll^jjiAall jj^al j^a^j 3 ^ PaSCal -11 j £ _1! A . il ^^3 Lai _tS^ada dll^iiAall ^ 111 % j/ijt/rs’i 3_5^! Lisp 

^>31*11 ba o^lc- J ^jjidall 3 *•. Htt~s til^pda ill j 34 Lai 1 g . >i» 1 Uajlk 3j^! 

Jail3 dlLLoiaJI till) 3 1 d-Ll^. t aAgJI o^ad A 1 I 3 <-L^.^a ^ dll^liAall 4 l-»yi^al' dlLLoiaJI 

_t sAgjjoixill t_jjoiLaJI (J j j. ^al q'lj ^c-aLi^ill (Jjxdj <lni 

<l 2 v.^a jjA 1 sAgJl o^ad A 1 I 3 J AiSLuill j_y all >.okll Aa^l AiSLilL <tl^)^. ( l (_^L/ t sAgJI a^jid 3 ] " 

3 it^aLkll oAgj 4 lia nil ^a.3141 


<-a^3^l 4_iLaC- f-liiSl Lada (_]Sdl 1 g'S^tll » n dij La tillc- 3^^ jt^akJl A^.1 3A*JI 33c- 3 ) - 

31 — A 3^1 J 0 x 11^)111 Jlkdl <llj 3 x 1 If- 3^ U J~^i 4a ojlc. ^ 5 !!! J ^aliil! Jllal 43)3=4 4 laj'i^a Igij^l till ! j 

.^1 3A*JI cs^ W-i 1 3 j^aj^Lall ^laj^l 33c- ^i^ja-a ^1 3 Ha. j 33 dll3^)Lall 

^^.3141 _jg lal LaAic J cJSdti 1 alikj .^><11 dllll ta 3)4 4iil mil 4jiLa^/l 3 ^ li3ALd LaSj 

4ia.j-aj (j-taiL^aaJI diLLui^ Jaij ^dli till! 3 ^ 3 ^ J 4-aa.jSill 4jlaC flill dl3 j ^3 dlAaj 33 till! q[3 

<l^.^a f.ljj| 1 g 10 dlLa^*-*! 3 I iia.1 tilljA 3 j “4 t^rvll ) 3 j-* 3 ^ dl3'^3ll (Jala! 

dllll ta (^jlc- oAa^jll o!a ^3 Ja33 3^d^ t — ® d'" 0 J ill kli^all (Jlla! Ala.ju jl dll3^)Lall (J4a! 

^a.3141 3^ 1 A 1 I 3 t_s^ f All! (_Ji3 j t_l! j )C.3! 3^ fL^uVI Aaj 3 ^ <3111 (j-aiL-nkJ! 

4 i>^->ll t^rkll 3cljal 1 


j! 4-iilgill 3d®d^ f 1 JJil 4a!lli 4 >^->l kll 4-1 j~n ill 3cljal! 3d®d^ o^jdLia Jaliji (j-aiL-nkJI 3 ] 

X.a t-dSSi Liila X -} 4jaiJjnll QiaiLt-saaJI (dAiw! ^gA a J jd®d^ °4 a 3a.l j& X 3^ 1!14 4iilgilll! 
^3 4^3aduial! 43i3 a l! 4_ildi o!a 4_>LiSll 43i3 a J X ■‘daii^al! a ■‘Cu^aLkl! 4-ai3 3 C ' dAidiil 
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Compiler for msc of cs 


^ac- / -^Ac-I — A>ujjAa /^j[xl\ 4 u 1£ — ^jalult AjlaL^. 


ABj <^1 <il ^ (Structure) mA' jdl >alic j Pascal dl ^ ^ cd^L^dl djd^ tjc 

3ac 4 _/sj 3 £j3b J _jA l^»-n.\ 1 ClU (jjiJaj] o3ljjua]l 4iL^)ldl j_jl ^Jc 

11a ^^3 ^ > >>'n > a Lafi j.s-t\ 'ic jl Cld/t^jdl (Jjka. ^l3ia!Luilj j~v ill o j'N 3~i 

‘Id'idl 3cl jdl ji o3cld1 4 jj^ 3 o3clii iJS £-a JjSj 4_u^ajL^aiJI 3cljdl 4 _Aj£ ^jj La o3lc j 

; JLUI J1LLI ^3 LaS l*j aLjSjJI 


Grammar Rule Aj- 2 ^' 


Semantic Rules AA^dl3cljdl 


Rule 1 J ijVl o3cldl ^ jSH o3cldlj 4jaJJjd1 4dVdl 3cljdl 


Rule 2 


A^ldl SJC.IS1I JLuiai S3cldb SLLd jJI <d^dl 3 c! jSII 


Rule n SjJ^Vl o 3c. tall Sjj^Vl o3cldb 4iajjjdl Ad^dl 3c. I jail 

»3alm add 4_id»JI o3Ldl o3A (j-a 4 ill Ml o3^._j]l ^^3 (Jjj^aalulj 4 3c-lja]l Li^^au (jl lijV j 

|3c.ljaJI add 4_j3LaiaLn 4jlLaSfl (j3a*J 0^)auLla 

1 J^Ls 

I'ojLai'^l (jj3j 4 ~n i~\ 3l3cVb 4_usaLiJI j 4dldl 4 JaJjadl 4-jj~\ 'ill 3c. I _ja]l (jia^aj 


number number digit | digit 
digit 0|l|2|3|4|5|6|7|8|9 


^3^)]l £-a o^auLla 4aaj3 4j d^ J V3l ^-uiVI 1 g j)-»» lm (_jdl j 4JLaa3 ^^A 33»d 4_u^alia ^A I (jli 

(jdaj La jA j 4JLd! o3A ^ 3 "‘Cajdl 4j ^3j]l (jl digit 3 Aj 21 ^' o3cldl iLlaS 4jlaj ^dl ^gdidl 

;4dVdl o 3C. talL 43c j-ij»dl 


digit.val = 3 


adL£ J alijVl ^jild 4_±adlj f. C5 -»dl (Jaiij J digit 3 o3cldb 4_didl o3cldl adj add 

o3cldl pLahJ J 33*JI (jl£ lili Igdc Uua, 4aad 4j 33c d^3 3l3cbU 4jjadL 

4j j^d I 
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A_ujjAa /^jlxl\ 4u 1£ — (jaLull AjlaL^. 


number digit 


^lill 4_}W3I SJtlSlI j ^3^)11 ILa *Laj3 i ^Jb <!Laj3 jli JUlbj JLl^. j oLa ^2 (jjfijj 3.1*11 ^jli 

\ t _ 5 ij LaS (jj^j 4 qiq~vll o 3 A (_pj*j 

number.val = digit. val 


SJftiai al^lml j (jljjj 4 jli (j<a j!i£l ^gic- 33*11 <jl£ 111 Lai 


number number digit 


^j3j <jj-s j) o3c.Ull ^jjouVt c_uLaJI ^3 3_ja. ^all ^a^)]l <Laj3 43^/1*11 ^JjJa jj (j-a j 

jg L>j number 3 ,a J^ u ^ 3^>LLa ^-a 4_ij-\ ill o3c.li]l ^j-a (j-aj^l c_ijLaJI ^2 jg Jjj ^glll 
(_5 jjoi (j-aj'i' «. - LLall ^ number <Lajs ^jV 1 -ag lu Aiijill c_l^j till 3] o^c-lill ^gi 

l^gL LaS ^Lla^all aJlC-lill 4jLi£ 3 j* 1m j ^I3 aJLuAj (jJJ jj^i\ 


numberl number2 digit 


33*11 l 3 gl _j\ mill >^i 3 l (j>a jli 34 (J 3 « (_) 3 al 


number number digit digit digit 3 digit 34 


number2 3^^' <j!i 3^^^' dil jJai. Jji ^ ajj^ 3I e3c.tall al^lml 

3 Lag_La 3l£ (Jjtaj 4-ajkll (jj£lm j 4 *3^1 (Jjtsjj'- 11 digit ^j-llg-j^ll 3^^' Laiu 3 *3^)11 (JjLLlui 

10 number2 3* J' ^ M >■*» numberl 3* J' ^ J! 3 j . J' j3l ^ 4 j 

; ^gL LaS till! J digit > J' 'Uajj 4iLja1 


numberl. val = 3 * 10 + 4 = 34 


<M SJC.151I Jjlij 11 a j 4 JujSII ^Ua! £-a jLaill 4^_a. e3^l j <j^)jaiC. 4_jLk 3 'Uajflll ^ i» .a j 

: aj1131I 

numberl. val = number2. val * 10 + digit 
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jiiljuc. jac. / jl-lC-J — ‘UjjjXa Aui^ — A x x,\. y 


: val V^LUi 0311 a^L^JI jftijSll J) JULj 

iLLa3 JjAjj ^l^iCLoilj jj£I 4 *\ n s-i jj ^la^VI (j-« A <LiLJ 4_}W.}]I ^C.1 ja]l i» aj 

\ ( _gil La£ (jjfL 345 Aj^aaliJI L-jl^C-VI » J^- jJu 


iliLaa i»_lljcV( Sjajj ■JaA.'w.I \ jjSI 


(jfLaj (j-a o^Ai-a aL*U ^ i» -a j 

l ( _gL LaS (jjSj 345 4 >^>1 -n\I t.jl^jc.'^l oj’N jjj 


aAlWI ,Vq» \l CIa^j Jjj aJi.1^. ^'1 4 _jW.}]I ^c-l j£]l (_Jjliij diLLuiaJI (jl J-»~s^lj JjjLoi]I (_]£. jJall j 

4 jjualSlj LaU (jjSL Cjl^jfrVI aj’N >7i ^^3 dLLaa^ 4 jM Jcljflll U^JCJ cJ J^V' 

C 5 ^ 4j (jlajaYna La ad]jj ^j-ajL^aiJI ^>j 3 L. ll m*v CllLlxs 


2 <J 4 a 

;Ul l u u 1 1 Aad’LJI dlj^L a_^,UJ1 0311 Ajj^I jcijall ^ jL 
exp exp + term | exp 0 term | term 
term term * factor | factor 
factor ( exp ) | number 

i - il£j (jl (jfLaj ^gjll j Aj-aSjll LfrlLajB ^gA factor J term J exp ‘LiuiLoi'^l 4 J 

;^gL LaS Ajjikill Jel jSlb <lajjj<a]l 4_llV-i]l ^C.lja]l £LJj^aj] \/al 


<^UJ1 CjVV^II Ljjjj A^bjll CjIj^ ajj^I ^11 qu *£**11 j*k3 AiU-ll ajM Jftl jSIIj 
number. val t§ja ajIV.} Sac. la Jj^.j ^.ic. Jaa^bj lAjlab] t_ia.l j]l A-dab^l dLLuiall 
\ g .a.'iViuM j_jl ^jSLaj (_£ I Jja 4_u^alaJI oiA 4-aj3 t- )\ a^j^yJst CS-^H ba*a t— LL^ jI 

Aj]V^ j3 j Aj_^aJ ^C-l AiLCbj ad]L] J djIP^jLall Alik^a ^g3 cd]j (jSJj 


_Aja-aliJI chilli 4-aj3 C- )\ (j-a (j5.a'i ^^_^jLoJI (JLLall 4 >>i j^a]l 


Aj]'^^]l djV^l»-a AiLjaj (jc. 4 _u^aLsJI adtu A >^il 4 >\l CllLLuiaJI Jaj ^ji ^jJalluij (jVI J 


ILa A-aj3 d iWJ ^.. ‘ '~ 1 j' 1 (j5xii lijli 42 * (3 “ 34) ^ >^<Lj^)]l ^U3«j]l a^ijj t_jl^)C.'^l o j'N jJu ,Va» 1 

IaJLUI m I 
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4 _uj_jUa /^jlxl\ 4 u 1£ — ^joLuli AjlaL^. 


3 <3ia 


^s-uJI <3 (Variables Declaration) <ul jUUJI UujaU 4 jMI UjaUI jtljill <>= ji? 


• jalmilll 


O 2 **-? £* 


decl type varBlist 
type int | float 
varBlist id, varEllist | id 


Jl/Lk <_ya \ g xaj. Vq'i allljUlal] A ;-\l >.a,a A j>.al a£ (Data Type ) UlULull ^ 3 AlAaj jj^ J 

^jj£j i_ LiS j-iaj aUV3 a_AjS aJLIUI Ajjajll jc.1 j£]l ^A (Identifiers) djlflj*-a3l 

jC-l jlll .iljc.1 (J^U. (j-a ijlljj ^ j'q 1 > 11 J .ajll^^UlUL i _jjj Ajaj^a A -3 ijlt) 

.ic.1 jlll ^ type 3*3 c LtiaJ ^JaU ) dtype 4 .. ‘ ^ •**■ " ; a j.Uil 

US Aa^ajUaaJI jc-ljall adli (jjSUo Cilia. ( UjaUI 


(JJij j real ji integer La] ^gA dtype ajj^UJI Uua (ji aIAjUI aUV3I ^ iaa.!>Uj 

j 4 i dtype 3 ^alaJ] UsJ Uajl <1 type ^ 4 ^' 3 ® 3 ' u'j < 3 ^ float j int jUJI 

Cjl ^liliall £!AaJ A n.ol ~n\' A-aj3 J.laj ^^A ■‘Lajflll oU j llLaJ oj j )La]l AjaU jj lA.l 3 .laj 

UjaUI aCc-Lsl] Aja.Ua-a]l aUV 3I ojE-tall (j-a - laJJ U j& j V3 T~ I j St 3“*3W ' j ' r - 

var-list ULli <^k jd <J£J dtype <^»Lk]l UUi <jl US decl 34^' 3® 3W 3-alaJI 

Aj 3 (Jjj] decl 3“®3 u' US Ig-Uiij var-list CjljUlall A-allii (_£,3 IfrLaUl taa j C-laj 

jj-a^l ^)-a>; A i>^il -y <3*-i 3 J ^Lila.'^l ^j*J dtype ■‘U-alaJI 

_AjjaUI 1 ^ jlc- (_5 jlaj Ajjl^j!>UI j AUlgUI 

CjLUlLa]! Almim (_jl aUV 31 (jja^aj t_jl^)C.VI 4Jlj (jVI JjjLUlS j 


float x, y 


I^^LillS (jjSUo l^J A_ualaJI t_jl^)C-VI 4Jlj (jlj 


^2 Ljjj^jala (JjJ cd]j (j^ J JaS9 ola.1 j A_ii_aU. jjaj CllilS AAjI mil aJUVI j_jl Jaa.^Ljj 

JliLall J _Cll33l (_5^ A_Lajl^)ja ^j-ajUaa. o jC- A ltd'll >^tv\| ^C-l jill (j-a^jalj U3 _CjVUJI £4' a r^ 

_Ai^U 1^-iiJ (j^ajUaa. olE. J 4 ' (_5j Laj Ajaj^aj Ajla. 
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Compiler for msc of cs 


<Ui|jUC. jaC. / -Sl-iC-j — A x x,\. y 


4 (JLla 


(Jl!La]l j _^3 l^alisJLoil JjAui Ji^l J 4 *\ i*\ >.oll .il.iC.'LL 4 >.ol -n\| ^c-l J]l ( Jc. (Jj.l*j e-l^aJ (jlaJj 

Jc- (Octal) JD»j i-^ j' (Decimal) i-^ D>) ja*JI 33I1 3L ^ou Jja*L]! 11 a j (1) 

I LI Lai jLaJ J-laJI (jl Jt*_i l-i^S o t — Sj^JI q\£> ILIi . 3 . 1*11 JL A ^.1 J ^IjliJLailj cdl! 3j.laj Jl 

| JiVlS (jj£lm ,lC.ljij]l ij[£ iil]l ^jc- j (_£JjoiC- 3 . 1*11 (_jl J*-! '-^g- 3 d t — S^pJI (jis 


based-num num basedchar 


basedchar o d 


num num digit digit 


digit 0 | 1 | 2 | 3 

(_ysi^ . .o^w II c_ 


4 | 5 | 6 | 7 | 8 | 9 

at2«J A ksn\ 4>\l CjUajjl _jll 


al-ld 


«l j t - )\ .lie ^jlall jjjLoilS 4 u^Vil 3c. I J]l ^al.li3Lail JjJ 3 (jjj3iiai ILa ( _ ? 3 


dllp.l^jswj (Jl 4_JV.ll! 3e! Jll cdlj <Je ^ajj jll j JlV.ll! 3cljl! A 3-» ml ji 4j^)*_al! jaj l * ^->4. II 

t.o'v'l Jil . ^ts i jxi JiJi <Jc J1V3 o3eliS (_]£ (J-Lij Jll! 4l3l*_al! (J! Jaill .lie j A 3 ■ ,i-v 
ILa ^j\k jjailVl i__iiljl (J o3j^. j-all 4_u_saLkl! J! ^j-aVU (j-a-jbfl i__lilj! (J o3 j^jaII 

I La 3 ^ j Js (j-a JL a^i Jjj_o Ls <■ . Ll >11 lVi Jill (_)<->! ^11 ^i.a> 3_9^ u *■. aIIjjj 

<■ - 1 i'J)' 3 L lAJjjal Jl 3 I -ieljl! CllV3l*_a 3 b LIU j 4 J a ^-» ~i\ 3el Jll ^3 4iLaA] ^ajj L. lU-»<ail 

^frl jill ^JLtLail ■‘Lixsjjl jiJI ^l^c-l Aic. A . jjuiLmV I 4 K Li<a\l 3 !^ lAgJ j _1 . .o cd]L JJjJ 3^ UJ - ^ 

^xsl ji 3 -a >><1 3"^^ 4jlV>iJI jLil 3lV^L<-a ^_3uixli ^Ajoi C_LUjj ^^3 3 ,a ^' 1 ^ la^ajl >^T*ajl 

0^)3 jia 3)1 jl ■■i-vU ^2 daiaCLuixJI ^_)^ajL^dJI ^>j3 33 ^ dlV^Lt-41 ‘4IM 4ljlLa]l ^j^»j>.o'vMI 

CllLLoiaJI C_Uji 1 Lall L-Ujjjil -2s> Jdaj dl'^ 1 3l*-a]l 3 ^ Laj-aC- j dlLLutaJ! iLlti jLsjl Aic. 

ALliCLa]! Ja iLllj j\ g J-»l ^^A ijVl 4 xig xi\l 3!^ Li]Ll I jlc- ^j’in’i c 5-^I (jaajL-sviJlj 4 >^il 4 > \| 

^1 j ( Directed Graph ) 4^^a]1 dlkkdJil a^. 1 ^. bVua lj lIILj t_jjjjj]L 

.( Dependency Graph ) 4dUi&)n 


t_JJJjlll j 4j^LaJC.VI CllUairi-a]l .1.2 

Li y ' ja (_j^LaJC.I 4j 3_5^J 4 ki'iII 1 g \<a>7n 4-ij)~v 'ill ^c.lji]l ^3 j\ iikl (_]£ 3 ) 

j-aj Xi.aj ^ 1 > s-i\ 4 j^jj«-a 3 _?^ L° o^Lc- JSj jlc o^C. 3 j'i~s j L»L»-v ^11 ILa j 4 j 

: J1LLI Jk 4j^l Jcl jSlb 4i^Loa cJ£] 31 Jl ^UaVL 4 jj^ 4I silill Lit; J JJV ji 


(,xm.ak,)Xi.aj = fij 


3-aj^l t— ulall J Xm.ak o^ac. <_]£ 3-° (edge ) ^LiA 3 j^ s^c .1331 o^j 4la3j-a 

4 1 > s->\ (Jc- dujtj Xi.aj 4 1 a j— it -Lll 3! ^jajj 3LH ^a lauljl I La j Xi.aj LVq» II (Jj J]^^]l 
Xi.aj 4 -j^aLall JjL cjLoi^. 3 ^s Xm.ak 4 j>^»l all Jas cjLoii. Jj 3' JLilLj Xm.ak 
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Compiler for msc of cs auIojc. ^I^j) jac. / jlac.) — Abdjjll ^ jl*JI dj.i* jl*JI — jAull Ada. 


Igj j)j£j (jLiuJI A-ILA. A-ijd -1C. I jS al.lAlml j l&.ll jJ j)£-aj 4*111 ^gi i_s jj^ Alutiui (jli A j* dLj 
.lac. ^i-ay Jlaj ^ill A-ijy 'ill .lei jail dl jl fiAV Aj-lLalcVl dl I iLiA xa\l .iLajl (j/a (jjA'n ' a " ic ~ ' l~»l~»4.a 

_l S J j^ll ALuiLaU A ><-ll All C_ll jC.^1 SjauuJ 

X >j (JSLj A kjj jJl . *iq» \l (jli i sjjall aLoiLoi] jl Ajjd 0.1 c. Is (_]Sl j.ll .a'Ic. VI J-iLaA.aH ^joij .lie j 

(JLlA (jxs 4 y >>i ^jiui La LlA j c_il jC^l 4jd (J_ya. -dl jjll jg laj Cii\j die. .a ^3 l^ajoij 

.dill AJlaVl 
5 J^Ls 

(JllLall ill ^3 U-ll-l&l A ndl ..--lAll .IcijaJl (l) (JLLall ^^3 t _glll Ajjy 'ill .lei _jaJI (_pajij 

LiLiA . a aJ jjjfLi (jjlg-j V jl (JS (jli l.l$l val C 5 ^J Sdkj A -jj^aLk ^glc jpuJali djl£ ^glllj 

)4-ij*\ 'ill 0 . 1 c. lall ^llLaS ^aj]l LlA £-a 4 n.ol All Lilli (JlLaj o.l^.l j o.lac jj-a jjjfuj j.ll .a'Ic. I 

numberl -> number2 digit 

l^j 4 Jajj^a e.1^1 j 4-1V.1 o-lC-ls Igl 


numberl. val = number2.val * 10 + digit. val 

l^gj^lS jjjSj Ajjy 'ill 0.1c. Lai! o-lgl (j-lLalc^/l LiLiA.aH (jli dll] 

l^jliLaS jjjSj number digit Ajjdll social! j.iLalcVl LiLiA-all (jli djjLaH (jdjj j 

l^ijfU 4 Lil ..nil 4_ilc (j j5'l x a lg_) 4 >^->l All Aj-lLaJc^M dll L 1 L 1 A .all (jli 4-ijy 'ill .lei ^jall ^^sljl 4 im ILj 

(_]£J (jxj^l t-dlall (j-a ojjailia d > a digit. V3 1 A n.ol All daaS L_)Lai. (jj£l Jajl jj (jl ^jic j jid V 

.Ajjd oJlcli 

l^^llVl (jjSjjoi 345 -l-l^dL (j^»l All j^LaJcVl l~il~»Ax>ll (jli Ajl^jll ^S j 

^aSj (JllLall ^2 aj (_jjll j .1.1*11 l^gj A >^->l All c_ll jC-^l ojy >Ti (JjliL La jib jjA-Vl l~»l~»Axill ILa j 

(1) 

6 Jl4x» 

A jj^aLAllj Aqla'ioll j Ia^I^C -1 aJ ^^lll A jj^ajl >^»All ^C-l jail j 3 ^ 3 j (JLLall Ajjy 'ill ^cl jlll (_ya^)Li 

;Ajjdll o detail dil£ j dtype 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u1£ — (jaLull AjlaL^. 


var- listl -> id , var@list 2 

|LaA l^j Jajjjj 

id-dtype = var-listl.dtype 
var-list 2 .dtype = var-listl.dtype 

La£ (jjSjjoi IgJ .a'i&VI J-iIrv-all jli ad ]i] 

l^Ldld var-list id Sac. 1313 ^ALalc-VI L»L»-N.all ,jli <ij jUl 
4laLuu]l <jIc ^ jljjSwi type-^int , type float (j-a Jdl ^Lalc-LM L»L>-v.a'l Laiu 

~i\l SJC.1511 <a"io VI J-ilrvoll (jlj ^3 j 1 .ag ) lajl jj Aj^.j ^A»J 

decl -> type varEllist 

oAc-Udl l^j liijjj j 

var-list.dtype = type.dtype 

Lad (jjSjjoi 

adlL )-»l njt jli .ale. VI )-i)-TN.a'l ^3 Jaj V ded (jjdJj oLa ^3 j 

(_ 5 ^La!ic-VI Jalai-all (jlj t. . A n u l oAaJ j c_l±adl lAgJ j ^jJal j JJC. ill oAc-Udlj 3-» 5-» •Noll 

^ALaJC-V' L»L»~N.a\l jli JLdljj oAc-UlILi (JjLtlLlI o j’N ui J ■‘Cajoij La LJlc. 

I^^JLdld ■‘Laxiij oAI&I (jfLaj JjjLoJI 

4jLid ^Afr k-sX (_jdl j A ~v j ^ALalc-^l J-ilrvoll Igj Jajjjj A-ij~s 'ill oAc.Ui]l (_]■» ^ j La ^jA j 
4jLid (Jj ^ALaJE-LH )-»)-»•% a\\ jii.Sn _J^I 1 AA ^3 ALu«-a]l (_]£. aall J ^jljjXSI _)-a^)]l £-a Aja-saliJI 
(JLLall I AA (J (_gAl .a'ic-V' JaJaa^all (jlj ^^JLdljj ^^Alg-iXll ^a^)ll (JlLaj oASaJl _jl 3 ^-J A n.ol -n\1 

\ jjJj Lad (jjdjjoi Sj^al £-a SaIc.) Aj& 

l^jJLi]! (J£jL] 1 £ (jj£jjaa float x, y ( — i > LI...- 1 ...J ^ALajc.'il (jli Ajlgill j 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u 1£ — ^jaluli AjlaL^. 


7 J15- 

base, val jj'ij^l aJlj 4aljLLall 4 *^aaJI Jc-ljall £-a 4 (JLi-all <_gi ( _ S HI 4jjaJll eJC-Lall (jJajL 

-ka3 4jjaj .Jc.1 jii 4j «_jjV 4-ljLaJC-VI dll l~ilrv.aH ^jki 1 J 


based-num -> num basechar 
num -> num digit 
num -> digit 
digit -> 9 

La£ jjfLlm (Jill J jVI 4-ljdill oJC-lall (_£jLaJC-VI l~ilrv -allj Ijuj j 


ojc-lall Lai (_gl jVI 4-ij*v ill ojc-lalb j lilajjjall jJlllVjll jJJ.iC.lal! (JlLaj JjjLaill lala^all ILa j 

| (^lLill£ jjSLiao lg_) j ^al J 11 ^jLajeV! l-ilTy-all jli 4 111 ''ill 4_ij*s ill 


|(_ 5 ij LaSi j j5j > m l^jli Alilliil! 4-ij~v ill o detail jjLa!ic.V! l-tlry-aH j 

| ^jVLS ejJ^Vl 4-ij*v ill oJc-tall (_g.il .a'ic. VI l~ilrv.aH jj£jjai Ijj^Jj 

l^gJLLaS j j5j > m 4jli 34-50 -i-i*-H (_g.iLaJC.VI l-tlry-aH ^joij Aic. j 

^IjiJLuilj 4 uni'll 1^11 .ic.1 jail (j* all . .ov t_ A m-y j ^jSj (^-lll 4_i/i jjl jjvl! AjJaj jV! Ajjj Lijl (_>iajajj 
lilrv-aH ^jiiao I gl-ay jj jlj-all j ~/vV W 41 CliljjLall 44mlm ^3 4 jjl m*v ,ic.lja5i 4jlV.il! .ic. I j£l! dV-iLt-a 
(j^-ali (_g£l 4_iajjl jiJl I g ■» ili jl L- i-yj (^lll jjjjjjII J jj3 JyJLviij l^j (j^aliJI jjljC-V! aj-y Jil (_g.iLaJC.Vl 
<LajS t— jl m-y j ^ jaj jl 1.JVI 4_ba jjl ji. (J i jli ^jlilljj dll^jLall j-a 4luilmll adli (j<-iil . .ov t_ )\ my j/i 
(_g3 I g j Vi (^giill 4 n.~-il yll 4-aj9 t- )\ my (J jljJi jl (_Jj 3 (_gjLaJcVl l-il-iy .all Jac. jxs a.iac. 4 n.~-il yll 

^glc. aj 4 j>^il -vll ciiiLS lil aj 4-jj^aLkll (Jja ai 4 j>^i! -vll cjLoi^. ^jj jl 4jjLalc-'il t_iiijj 

j»jiiti ji C_L^J ^giill t_jjjjlll Jl Jj3 jjll j& jjLaJC-VI l~ilrvxi\l ^ (Jliill t_iiijJ j gj 4 n^il -yll 

J ^jLaiic.'^l lilrvoll (_g3 CllljjJ (_ 5 1 LILiA jj^J VI -JjV 4jli cdlj ^-y ii j Laj-aC- j 4_i^sjjl jiJI 

‘-s j*d l 5 ^' j (Dissected Acyclic Graph ) Ujih V W Ikkkx jjli jl kki^H ^ L jiLu 

. DAG juoiVlj 
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Compiler for msc of cs 


jiiljUC. ye. / 4|jlC.j — 4^uj4-a 4uiS — A x Al y 


8 


^ n . .i j DAG ^_jlll j-a lalaa. a _jA 3450 (j-^l^-llj (jjLuJI (JLLall ^3 (_£A1I (jAl -a'lcLM -all jl 
■‘Caja c. )\ ua, Ajx jjl j^JI a ■» ilj jl jfLaj jill (Jalill l_jjjjj] Laaj tgjlc. ^^lll Aa»JI ^>j3jj 

(_l^.l j-a (■jljC.Vl a til l a ^ £-a ^»j3 jill A»J LaSi (_gAl .alc-LM J-ilryjl j jS j > 11 lllft (_)<-» 'll >^T*v\l 

; 4_j^ll 4_1 j)g *.i 


C_]JJjlll jA (JJjl JjjLalll (JSjalll Aa*JI ^j3jj 4 ~S .>1 jJ jill <j»2ll t_JJJJJ jjl j^ic. AjSLill C- 1>JJ 

L»L»'^ -41 i_J^.Ia JS21I L-iajI j5Laj3 >.o'n 1I t—lL. 4_wjjl 4_j ^ j!ilj jl t—L^J jill jJVnW Aia._j]l 

; jLonll j^jJI jj/ull j-a ^Lill c_jjjjlllj JjjLaill (_£ALaJC.Ln 


12 6 9 1 2 11 3 8 4 5 7 10 13 14 


lajaa. 41 a-Lij (_ )*all >^rv\l ■‘U-aaliJI 4_i/s jjl j^JI AalaJ jl jfLa-all jxs 4jla IjAALai LaSj 

)\ >.q-nII t- )\ ma. 4_j jill L_jjjjlll J-»lr\4l (Ji.lA Jiull c_]jjjj AA^J i**n-s j <La 2 «.jlll e-Lslil jALaJC-VI 
aAA ^^Jc. jU~»i adli! A xi -s jill All3 j aAAi-a c_]l^)C.I oj'N ua ^ Jc. jALaac-LM I-»Itv 4I e-Lij J 

^a diui J <Ljia]l a aa j (Parse Tree Method) m' j^V' ® j^ 1 uW^' <ijjia]l 

<La 4 (_£^kl cfll ig 3 A n.Vil >^tn\| ^c.|j£]| I g LajJajj ^^IlJI jj^ajU^aiJI ^>j 3 C_lLm^J aAi~s jjl Aij^lall 

^La j^ Axslu a jji.S/1 <ijjiall baa j (Rule- Based Method) -ic'j^' i_i y u 

j jlij jj^ajU-aiJI ^j 3 t- \\ mal L- 1ml La i_jjjjj ■‘Lu^ajU-aiJI Ac-ljia]! (Jjl-vl; ^.jLa]l Aj«-a 

t_jjjjj]| AjA^j jli La yoc. j jLa]l aLlj Ajc. aA^JluUjui jlll jA t_jjjjl]l lAA A j>^»‘il >^tn\I Ac.lji]l Ig jlc- 

.^Alall a il -,- j ■ ^ ^ jA lAA j l^-La j3 ^ 'I ■ " •> L_ij)U-i<all yoA >.o*s II A-ic. y 1 C_UjiI Lall 

4jjjj-a]l j A at n.ox>'l >^rv\| 


(_J^G JS21I C - 1 jj jj j^j-lc- LJjjI AaIxj ill Ac. I _ja]I ^jLall jj^'il >/t\ II ■‘CajS C- )\ jl 

j_pa3«jJI I ^ ±i >^T*vll ial JJ jl C- i al'i-v I L_±i)ji]l IaAj j~\ ill o j'N Ai jl t_jl^)C.Lfl B J'S Ai 

Iaijj Jal JJ jV I ta3 J >^i\ II i cj^alij 3-»l JJ jV I £-1 ^ji jjj j^)^! ^3j*-a j A L» - ' - ■' j 

jA*j Ljji. (Synthesized Attributes) <«-u^4l o^ L - ^-^l l ls^'j Jj^' 

j^JI jjLfl j-a (_^i j^jJc-i j^j cJLoil j-a t_jl^)C.Lfl a Ai ^3 l^llal JJ^jl AliilS IaI A » n^ixi 4 jj^aL^Jl 

: JlUI JILLI Jc. A^jpjA I o Ac. tall C4l£ I Ala «_jVl 


A ^ X1X2X3 . . . Xn 

^jjaLlSn (. - ''I n II ^3 a ■‘Cij^aLiJI 1 ^j 3 IaJ j^^lll J ■‘Uajjj-al! ^jILIaII Ac. I jail CllLfAl*-a jj^j jl AjUi 

\jti\ J141I Jc SJaUJI jpa 

(A. a = F(Xl.al, . . . , Xl.ak , . . . , Xn.al . . . , Xn.ak 
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Compiler for msc of cs 


jaC. j JllAC-j — 4-uAalj^}ll 4aiS — ^jjluil 4 jl-oL^ 


(_ya. jL^ai. 4jiLa^/l (j a IaAc- IjAALai i_J*-S^-j dp*^J ^ * n.o.a g 4_u*aaLiJI Lib (jj£L 

(2) ^3j (JliLall ^3 val L1 ]a£ j A at n-o<a A n ,ol A ^A (^) ^3j (JLLall ^3 \/g| 4 n .ol A \li 4 at n.o.a 

t_jl^)C.'^l aj> Ai alia (j-a c.lgLjVI Ajc. j (j-a lAA Alia. ^^3 j A » n.o.a 4 i > <n\ A \ >>iil ^^3 

(j^uLk-saiJI (j-a LUa ^>j 3 L. ll m~v (_j£Laj Aili 4_ij-\ ill £_u^a]l 4la^a ^^3 ill aj'N Ai jl 

Postorder ) mp j^' ji J^' j' o <^4 (j-a aAa.1 j a^/a 

; ^Liil ajLui a -s .>1 jj La Iaa j aj-N Li\l liltll (Traversal 


(procedure PostEval (T : treenode 

begin 


for each child C of T do 


;(PostEval(C 

jcompute all synthesized attributes of T 

;end 


(Inherited Attributes) oaLL^iJI L±J 4. »:u . ^> <a ^a^. c±a A ^JaJLj 

^3 LAjjI LaaLL A3 j 4 » n^ioll 4 q j\ mil iajjjai]! l^-J3 jSjjj V Llti ^^A j 

4 n.ol All L1 ]a£j (3) (JLLall ^2 dtype ^ la^aL^Jl (JlLa 4jjjj-a]l (j*ajLuaiJI (jlaa. J 4 q j\ mil AjlLaVI 

lM J] (j-a Jal JJ ^jV I 4 _j 3 (jjSj >^rv\l t> £jjJI '^j (4) ^ base 

jLUl pluVI <jjj J»b2 ijVl UJ^ j' L«VI Jj mV I (> L5> m' j^VI 

I jjjjllll j_j <K .Ti\l j jql jj jV I (jjAA 

ut\'I jli La jaC. j (6) ^»3j (JLLall ^^3 dtype ^ la^al “vll {^g2 (jlA ja JaLjjVI (j-a j 

4jLiJI bAA ^^3 (jSl J j~s 'ill SjaAo jl a j'N Au (_]^.lA L-iajl (_]ajj]lj lg'i.ai3 A. ll m~v (j^-aj Ali 

; lIIa ^Aajj ^Li]l ^ jl ji.VI a jLij (Preorder Traversal) ^LaJI c_m j^' 

(procedure PreEval (T : treenode 

begin 

for each child C of T do 
;compute all inherited attributes of C 

;(PreEval(C 

;end 
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.djll-lic. jaC. / 4I.1C.J — jt 4^uj.la 4uiS — (jallill A x ll ri 


liSSi j a c-UVI .lie. 4ii jj^aSI (_^ajUUJSI t_ ll m*s L - 1 ii ji jli 4 at n^ixill (j.->il >^rv\l ^_y iSc. (__ 5 .Sc- j 

jjSj jl Aj V liSSSll 4JLUSI j^SaUI (_^3 1 W >^ijl US a-UV I liSSl (_;.-> il . ^rs jjj S-»l njl 4 lilS-aV 

llJ Sal JJ jV 1 4JU £-a t—lml 11 ^ aUVI (_£-lS 4 j jj^aSI (_).-» il >^T*vSl C_ ll 

jj * jSI J j-^ .3 


i_i£Ijj ^a 1 4_ji US ^a.jlaSI (^i Aii jj^aS' o UL^uSI ^a 1 ( Symbol Table) j>«jS' J j-U- jfS*j 
41 ^jaSI oU (^1 jjajSI Jj.1^. J^Uli ja ^C-^JI ^^ic. J J~v ill .1*J U.lUUaSI dLilUl 
e-l^J 4 q_il mil JU^aJI (_^3 Uajl jadala jja^)SI (J J-U (jl ^ iSl'ill t_)^i 4jl VI dW-lSI J;U\' 4j«aUJI 
a I jjoi dl-l^jiaSI (J'I-n.*' 4U.^)a illliSj 4_ij~\ ill £i*aaSI JjlU aUja ^ JlatiSI ejj.1 Jg S-»i Cilia. aU^aSI 
£a J _dVUSI (_^a d.l^J (__^jSI (_ja^aiSI JaJ 4jjUlLail .lie. jl 4_iSI dLiU 4iUaV ^1 n*sVl .lie. 
JjUii ^3 4jli Ada (Jl uJ j Pascal (Jl uJ Jiia a-iiUi 4i.ii 4 aa>.oaH 4 -Na^iSl c il » \ 4 JU ^3 j IU 

^c-alj^lSI (jl ja .iSllSI .lie. J 4-ij)~\ ill £Ja*aSI J'U*' ja aL^iiiVI -1*J US jja^SI (Jj-U £-° JaUiSI 
jja^JI (J j.1^. 4 joiIjJ aU > il (_^IiSl 4_dal jiaVI 4 jl 1S 4 nuiSLj U (_JxaSlj I U j l_j_^ 2 ai ajl - ■' 4 1<\jj c_ijU-»<aSl 

_'illa>. _jSI Ulg_i ^3 (_)^aUJI 


<■ o-vll J (Lookup) CliaUI J (Insert) ^iUiaVI ^gA> 4-imUil CjlUaC. 4iijlii j^-ajSI J (jli U j-ac. J 
jjj^uil ^uiUii 4iiUiaVI 4 line. j (_^^)UVI e^c-LmaSl djl ;U» Si _i (^1 4jUiaVLi lU (Delete) 
drsUI Ula& U1 . (Name Declaration) s-UuiVI CjILj*! JVU. 1§U& J_ ^uJ l ^ CjU ji«^ 

Uill ^-“IjjlSI ajilu (_^i ^aja)V I lilA J JJJ -Ijc. 44 -n. ■« ^JOiLl 4j^aliJI CllU _jSj«-aSI ^-UjiLoiV t^JI ^Uaj3 

jjlj Uslc- 4 4j (jauS a-UjoiVI ^-1 1 ^ _ w ^ j Ullic. iUV 1 jjjSj3 1 sll^JI 4 iUo 

| __ s llSI CjU j.S».US 4 niilSljj 1 g U'Nji L-JjSS-inSl 4 -nxi^iSI 4jlS ^C-l 1 g nS~v 1 4iiViiSl dll iSoat SI lUL uUa 

JaUi U ollc. jjSSj _ dliijJilSI jj-a (_)la ^)iSI j (J jiaJI cJ^J^ >■_ nii~\ (__5^S j ja ^)SI (J j.1^. (__j3 
taJUa ^aiVI 4JVU. jjjli (jjSI ( Scope ) (j-^l j (Data Type ) cUiUS! ^ >i (jc- dU ji«^ 
cJUa ( aUaii ?. jaJI IU ^3 (jjjU d jjoi j (Memory Location) s jSUSI ^ j*i^aSI ^SSi£ j ^luidjlS 
_4_jj^ajUaaUSI ^C-l jaSI d.1 ^a (Jj-^- ^l.U'UtV jUUi VUa ^adi 4_il^jSI ^ 3 j (Jj-U- dliU 

jj-a^JI Jjd. lS^J* 1.3 


qS'I'n'i ( 1 SiaJlj daUl j 4iUiaVI ) 4-imUiV 1 4lilUaC- 'UtaS J (jjjxlaSI (JU j_j-a^)SI (J (_S^^ (j| 


t_uSUiVI 4^JlUaSI i.''ll -aiSVnll 'UlaS i_JiSaj jjlj U ^at j 4j (j-aUJI dLiUSI cJ^J^ A j Sa L ( _ nil's 

Jj>^q'iSli l^lUiljAl ^>_jai (jia I^J dLiUSI (JSLiA olUS 4-imUi' V 1 dlc._jdi^aSI jj-a td Si 4 i.aiSVnll 
^a ^alAilUjU ^ 1 - <al ^^llSI dLiUSI (_JSLjA ^AV JaS3 Uslc- o^Jai »1 SaC-1 j ^ q'iS I > u j 4_rUjtH olUSI oilA ^3 
) daUI (JSU j ( Linear Lists) UUlI! ^iljiSI (JUii ^^liSI j ^a.jUSI a.U iic jj^jSI Jj^. 
JjIdJI USiSj ( Binary Search Trees ) c^SUiSI daUI jaU JU 4 iSiuSI ( Search Trees 

.( Symbol Table ) <U >UJ' 

dUaaJl , jqVi Ig iUai ^^iiSI d3 jSI (jUi ^ adaJl j 4 S-»_nn_i\l dLiUSI (JSU <_5^.l 4 jStn\I ^jl jaSI j 

jl 4 jU ^ f.\ jjoi 4iUiaVI 4 ilaC. ^lii dll^. jjaiUa t_j ^jULij 4j jg uJ (J J-U“S ■daiUiVI 4iijLiSI 

^•>-s ^jic. i_i3jjj Igj (j-aUSI da jSI jli a VwSI j daUI ^ jUf~- 1 ^ U dilii da j ^ 4dlaSI 4jlgi 

t _ 5 iiSI dUaw jUSlj (_j-aUJI (Jj-U 4 -US (_ 5 ^LS (JS .'j Sin. (j_jU li 4 iS-i-yll ^il ^aSI jli lAgJ j 4 nil qll 

Uj^jiSI dUa.jUSI J 4_iii^)aliSI dUaw jUSI JlLa 4 nuillj U^-a 4 a'N jiSl U-^jjoi L^ja JUj V 
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dluiU (JjAaJ 4 jjuililj Lal^iCLuil Jal C 5 ^ ‘ J> wi (_JSLiA Lai .^a^JI a j li .s~i 

dll^)l il'LV' (_JjJa3l m'l ^^£3 4_Ll jLitaJI (J jl.laJI \ <ain _i S-laJI A i\.ac. AjtoJ ^^Jl 4iLjaVL as-liS 

jjjS diAii dis j ^ U-iiAjj AjjaiLaiV I <J j-iaJl Cil j\,ac. (jjSJ jjxjll cJ j-^ 

. Jj-la. P-lij ajjfLj fAkioL IL$J j 


dilij j )*j]l .2.3 

<Al]l (Declarations ) 4-^UJI cjLL^L ajL .Ljjjj j^aj]l Jj^ pta' j) 

n*\Vl CluSjj j (J jA^. (j-« 1 J <_5^j ^it-AaVI ^gJjLaC- jjj» q'l A iqi^ ^/LLaS IgJLa^jj 4-jjU-i.al' 

jjJI AiL-b^/L ILa (_£^ki ^^Jl Ajt J (j^a IjjliS 1 Lilikj JjAaJI ^Jl i slAbj ^^lill j CA i\.a» \1 o^J 

l <l\'i-N 1 AS AjIiL 1 ^j 3 j (_5^l A_ilaJ)]l ajji]l j <La^jj]l AjiaC. (Jl/lb. J)j-a^)]l (J jAi. pljj <i^jx (jl 

Ait] ^3 Clllij^jJiallj AiiljLLa]| Jalaill (_yajt . J ^^Jl jjAiu 1 p^aJI li& (_5^>b.l C5^j 4*1 (j-a 1 >^iil 

Clllaj^jiCill (j-a 4-imLmi £-1 _jjl Ajtjjl cdljA <Lalc AjL-si jj (JjA^. -Aiijjj p 1^1 ^^Jc. jjjj ^ •N.a^i]' 

cjlijj*j j (Constant Declarations ) cajI JA\ CilL j*l j a^* jJI cjliJ ^ o jilSj di^i ^ill 

C^j'j (Variable Declarations ) cjl jjiiaJl (Type Declarations 

. (Procedure / Function Declarations) ^'-^' j j^V' 

: Pascal ^ ^ C» <_U^j cjjl JA\ cjlLj*j j 


;Const int SIZE = 200 


: Pascal J' ^ ^ c>^2 jiSn j 

; type table = array[l@SIZE] of Entry 

: ajA struct Cjaji j 

struct entry 
} ; char * name 
; int count 
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;struct entry * next 

;{ 

;Jla £-1 ^i!>U <1 jAj a-Lajoil I—SJJJIJ typedef 4- 1 jlaaVI tgjAl AjA (jl LaS 
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A_ujjAa /^jlxl\ 4 o 1£ — ^joLuli AjlaL^. 


;typedef struct entry * entryptr 


(JAjJaJ A •N.a^bl d )\ i \ t - lie- 1 ^^3 lc jjd dll cs^ J Clll JjiiLall dlsj^xj] A Jjdllj Lai 

: FORTRAN 


(integer a, b(100 

^ u 


; [int a, b[100 


4jl 1 ^3 i aj^)*j (JlLa i LiUa j 


, 1.1 


- \ . ^ 


vm , ** .1 : . ._•! 4ti • ^ 


(int factorial (int num 

} 

; int fact = 1 
(— for(int i=num; i>=l ; i 
;fact *= i 
;return fact 
{ 


A >^il Ail <Iu«_niaJ j dlilll <■ . aIc-I j 4qiJ-» j jl O'® djLil t (jc- i Lilikj V Igji 

_ dlajjajll (j-a ilidixs tc. a^nsu 


dllijjxill lilii ^3 j-al 3 jii. jJ (Explicit) Asdal j (jj^J dlij jjCill £-1 jjl ^ j,a-> j 

(JLaJI jA LaS AjJuiilll ^1 j^b IgiUbl (jC- (Implicit) Ajlada ,jj£j (ji Ldaji (jS-aJj 

aJLsJI 3A t^gkj j&Ua dj»j jj3J dl jjil*3l ^ hVna b (jl -s / di y Lilli FORTRAN J basic J' AiJ !^gk 

^^3 1 g jlc. (_ 5 ^l dLa ^jla-all (_>aaj ^ 1 -aVi £y* •>!! (jj-i* ) L. llLaiij j-a^fl (jli 

1 Sj^aJb Id) <_5^l dl^jjjdall ^i.a’N (jl ^A o3c.l3 I^jAI 1/LLa FORTRAN (J! Ail (^33 . 1 aj^jxjll 

(_^Ij dlAj lil Lai (Integer) a -nj-v dljjila Igji jd*L IjAUa i-g-J (JjjJ j N C 5 -L^J I u-« 

4_iiajJall ^^Jc. JgiLi' j ^^3 j (Real) A iai9~v dljjida Igjls 1 Sjj^ 
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^> aC " / A_ujjAa /^j\xl\ 4u1£ — 


<1 (jjJ ^aII jjiiail Jjl jjS t> (Declaration by Use) cjlLjau l$jl 

'ixu>> (J^ ui j 11a i SJ^jxj (j xi > YVi i jjl£ La£ ^jAlla 

£-1 jil i ql'i'L.a (ja a-La.ui^/lj JaLai^.^U AsJ j j_jaj (J 4J jg mil (_J^ (j-« J f. jW.C- j 

^^3 (jfU j 4q\'i'V, a \l Clllaj j )3ij]l £-ljjl (_5^ ^joi^l (jaSJ ^IaSCLoiIj ^.a-mll V <2w-a^)j]l l~~ )\ * 1 ^ia^. jjl 4_xaaLi. j 
jj (_]S] jja^)l] Ja-salLa (J jAi. Q^i a*a^j (Jlia (JjAi. (ja jliSI ^lAVim! (JaiaSJ (jl (jY-»» j 

4 ql'i-vaH (jl-»l iall £a (J>^i9 La jjaj (J jA^. (JjLiJj dllilll (jAaatJj joAsa. ^^Jc- £-1 ^ji jj-a 

_AjlUIj 4a-aLkJI 4 -}Wa]I Africa!] Cs3 j t*-a 1 g Li jj ^>jj (jl ^Jc. ^-^U^jJI Ig ia>YVn ^^ill 

dul jjII djlsj^jajs _ Clilaj^juill las j i aj^jxjll jj-a ^jai^flj (j^»'il a-o^ll Jajj 1 itlSajj Iaa 

Cluljji] 4 ajq\l (j^»j>^Tv'i jjli ^.jlall l^jaJbu a Lj£ AA^Ji ^jA ^Jall lilli j e-LajoiVL ^Jall 

Liajl (j a > jalil A3 dul jli] I i SJ^jxj J .<L]]a A*J 1 A jJJ«J (j£-aj V 4jli IfrliajS AjAau A j •N a j j joA^J j oja 

4jt] <L]]a V Lalu alll jjilia]l Jla tilli ^ IgJla jAlia (JSjoU CluLi (JfL (jaaLiJI CllliLiJl £- jj 

m £*m lg ..o;.^i-s"i 4_ajkl! t-Ama. CllULiJl lgJ3 PaSCal J' 

(jjLaill ^ JjAJ ^ajajl ^.LaOjl ^ajj .33^ 4ij^3tJ ^jj t^^l 4 j-1^ II ^-^ill ^ajajl . j. W 1 ^l^jVl dll-Sj^XJ ^3 ^ 

Type ) ^ ^jj^l (jSl jlu 4 SLtlLail 4jxjjlj4 k JI ^-a ^-l^^/l a-Lajoil ^AaCLoU La o-ilc- j 4ij^)3ij 

.4jlUI Jftl jSl ISflj 4 >^il aJl cjljlili.'^l jLajV (Equivalence 

AjAsj Ljaji ^3 j CAjlnll ^-1 ^jL f-LajoiVl -^aJJ tfcjS La LJlc. Lg-jLa dlljjila]! d_)Laj 4 jjou]Ijj 

jjLL ^3 4_iSJj ^oaLj^jjll 4 qL» la JAaj (SCOpe ) (J^ 4 ^ ’la..o (JSjoU (j^»'ll >^tv 11 (j^at ) 

^-1 ^j^lj CIdI jj]I (jaaj ll .^l-s ii.1 Liajl (jj^J A3 (_^Aa]l jjl A£Li]l LJiJj CjlajjaL]! j*-a dl!>lc. laillj 

.(Jaluia f-3^ LS^ Jj^qllL 4.") LdLla aJJ > ii lAgJ _ dll^).;a».')a]l Ja33 (JjjjI j dllf.1 ^a>.Vl j 

Ll]!] ^rvall o^)SIa 1I (_^A 4^jj«j ^iioa]l (_^Aaj 4 Liyi^all (j^»'il >^t\11 AsJ j 

^ajj dll^iioa]! £-iA 2 a. (jli (JLLall (Jjam <_ 5 ja1 ^ 4ju ^33 (J^o^tnMI IaA 4_i^^Laa o^iiS j jjajall 

(Static ) Clulii Cljl^aitlLail oAgj (J^»l -vll oj£1a] 1 (j^»j>^r\Ml (jj^j a Vil Li _j]l ^ 

^ajajj ^joJI 4jJ jjL ^->\» \1 ^-a JaS3 4qiJ->^]l oAA j_^ia».AY) 4j !i (jj^j 4"n~s!)La«a 'i^y3 (jli ^^iLilljj 

LaS aJij j )*j]I Static 4 4iLjaL liUi j tLlii j 4jLlL3j (J^.Ia L^ill (_^Aa ^Jjoi JJJ 

;4JL1]1 4iLu,jl! ,J 


(int count (void 


jstatic int count = 0 


;return ++count 
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3 j».i...i 11 a (j-a VAjj A_ixii*JI o3La]t o3A ^^3 o^SILII £§1 ^xs t—ull ml ■‘CoiIjAj j liili La^xjC. j 

_ a- JaJI <^3 cdl! j jj-a^)II J jAi. <_g^ (_£3xoll A_aJl*-aj AiiljLLa]! l_ull ■■iVI j (_£3-a]l Jjlii] 

(_£3-aII 3c.lj3 


(j-a 3 j 3*JI lilliA (j£I j IjjjSi IsHia.! Aq\"i-N.a\l A i." il i I ^3 (_£3-a]L AliLCLalt 3frl ^jsll i Liliij 

AjuLlill 3& I jij]l (j-a Jaijs (jjj3C-l3 t^k f-J^II I^A j£^)iiai j djlilll qm 3j3j«JI ^g2 A.».~ll-uill 3C-I_jii]l 
j-al jSfl <^3 t_jjsSfl £- jLillj Ajjliill o3c.U]l Laiu -hVCAH ,Jja A_Lllijx J (_£3-aiI 

A ^Vna xaj aj«LLLi e3c.li ^_a (Declaration Before Use) ^ bVL uVI Jjs ®Jijjj<l]I e3c.li ,a_& ^1 

13^1 ^I.^Vn J (_£ I (_Jj 3 ^-ali^jjll Jil3 ^joi^M 1 Li^)*!] ^jj j_jl L. lliajj ^lill j Pascal J' J ^^joII AjtJ 

(j C- Cll2kJI Aj\,aC. l/'lj-y; Ajjajll £lx^a]l (Jjl-a'i <Lk. j )-a e-Llil j^a^)]! (J j3a. S-Lil L. aIIjjj O^C-lill o3A J 
ClljA^. in i l3g3 3lajl ^^3 dl^-ill A_iLaC. dllaa3 bjj aJ ^l3iCLail J£ £xs jjx^)]l (J jAa. Jil3 ^joi^I 

^»C.3j o3c.ls]l o3A j A_ixjlixa LLai aJLoij jl^JaL ^a.^)!La]l ^_j5j LlII 3j& j . Ia 33j^aJ ( _ 5 jI! S3ftlSlI A q\\ 4, .a 

Jj3 1 aj^)*j]lj ^LiHI Jajluxu V A-ax-a^jII a" il a» \ ) cdljA j oA^.1 j Ai^.^xs (j-a A A_iLaC. 

Alik^xs (j-a A-aax.jj]! a.l^a.j ^j^xai^/ f-tjJ AjLusiilxs AjUk^xi] ^llaj dllil]l lilt] j 

A^-ajj]l dlliJ ^gk ^Ia-^'C.'VI A.»jlui]l (Block Structure ) aJjSJI IxjjS Lai .O^i.1 J 

La jA j (Block) 4-li£ <_ 5 -«JxaJ Cljlij^)*^ ^jic- i^jlaj Aiy^jj t_jj£ljj ^l^klLal ^jic- ^>j3j AjjJl^JI 

^gk. j .(Main Program ) cs^J' ^Ic. Pascal ^ ^ tiA^y 

(Compilation Units ) A^jill CjI^s.j JxjL^ (^ 01 ]! a^J ^ij ^Uijllj cjla.1 <a-aUJI 

A_a^a^)j]l a" ll » ' ^3 LaiiJ i ( ) (_jjjl jS'x/l (jJJ AjS^xJI ^xjl jVI j 1 Lilia j]l dllij^aj j 

C 5 ^ ti^Lis ( Object0Oriented Programming Language ) 
ajLS a xa <il l^i a^ jjII <il ^gk. ^^Lki Ajli txs^xit j . (class Declarations ) JlL-aill 
(jAx» jjli jl (^k. (jja.1 <J& cK'-i ^ j^l ® "^ xaxa III (Block Structured Language) 

3 ^a>. j Aic j l^-lx>jJaJJ (_jLll (_5^px.VI (Jj^II ^ixa’V j JaLs A VlSIl o3A ^^3 ' j j . -o ^ xi AiiS ^1 Jib CjlijjxSlI 
l^LII 1 Lljajll ^jA ^joiVI ^l-lilLxil 3j& 35"^^ 1 *0*j]1 jli ^joiVI (J-aLjl l al"ia>xi 1 (j-a ^jISI 

Most Closely ) s-ijSVl ^ ^>LiII o^c-li LS .xa.>.iu La (^a o^clill sIa j ^b-L'LiiVI IaJ Ajc. js AiiS 4 -ijsI ^ 
jj * jll J j-^- 4-1 jaVI £- jLlSI o 3 c.li jLiLi (jia j A.».xa.>xiH j (Nested Rule 

l^jILill ^^x-all f. Ja*. 

;int i , j 
(int f (int size 
;char i , temp } 


; double j } 


{ 
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<LujjAa /^jlxl\ Aai£ — (jaLuil AjlaL^. 


; char * j } 


{ 


dlajjju ^jic- (Jjliajj dljiaiJI (jduJ J j"jl aJjSJI jj£ A juiai ^gi C. (Jjli^j 4ji Jia.!}b 

^jic- j jlii ^gjl j Igjaiij f 4ija_jl dujju ^gA Ajjliill 4ii£JI j f 4ijaj]l j j ^ j A -\j-n >.oll dll jddjl 

^jic. (_ 5 jlaj (gji J f 4 dla jil a-ma-J (jalill c_j£j/jl jxVI jg -3 <jLi]l <115111 Lai size J^*-La]l djjii 

( odal j <!i]Li]| j Adliul jdlifjl jliic .1 (j£-ajj ) j ; temp 4 j 9 j=jl 4 -jdaj]l dljddJI dlLjau 

^ jd>-a ia jdlLaS j Jiiiall d»jj*j gic- i_£ ji*v j (jHI t— 1£ j«all jxVI ggJ 4 j«jIj]I A LSI I Laiu 
(jib J gSja. jilu ja£ j jd,'l.a]l i Lljxj gic. j Idajl L_lSja jal jA j A juuil bll A LSI I Ijjil j 

l$' jli glLilbj j^a jll J .jAa. gi temp j size ^ J £ 1 Idlj iLjii d.jj f bLiL jll 

i ajjxj .la.jj 4 -ils j jdlLail A nit ilbj La^J da._jl i ajjxji l-l^J Us 3 j j jS j > a jjjiidjl jjAgJ al-liliml 

<] jil Oij*j gll AiLdVL ILa 4iLbj]l Jib gi ja. jdlaS a ] (Local Declaration) gja_a 

gi <j Aijj (jill jA ^ I-n. -all dujxjl jli i—ljS'^l jalHI 0 -iC.laj la 3 j jSJ j jdlLaS gl^.a jjc. 

Aijajll Jj3 gl*v.a jjc. lAdJ dldjatli 4j^b <1 dkjj (jill j j 4 *-bil A Jjdlb bLjlall (jdluj <ILaJI oiA 

l^- bl i ajjjCil! (jlj o^C-lill b 3 jj _ 4 _utaliJI J Ajul^)]! A \'i^\l (j^a jS (jib (jLib-a (jlaj^jxj j f 

d Vj t _ 5 la^all 1 aj^)*j]l j^jjii jla_i (j^J La^Iib ^jja (_^L]I _jA I La £-aa^a j^J (_)-alill 

■p Ailla ^j]l (j>s ^ j^ill 


(j^o 1 i^\ i ajlia^jl j dll$. I j^-V' ls* £. ^buJI fju Ada J' j Pascal J' dliUI (jd*j j 

(jbuau ■‘LLiJ ^^3 -ibiill Ajjj ILAj (_^^)ii Aijaj ji p.l^)a.l (jib 4qiJ->j ji f.l^)a.j blljA (jj^j (jl 

jj-a^)]l j j^l AildaVI A ilxic. ^ 19 Vi Aic. 4jli Laj-aC- j . (j j* jl (jbAA (_^^a.L t_jjjS>jl ^c-alj^jl 

^jail (j C. dia-jl A jlxic. f-liil J^iii V Llliaj lA^liij -lab ^JJ (j£J j ?.Lajai!>ll 4iLLai]! dlij j )3ijl ^3 
( y-aa. t o ^ l_JaJ V Cilia. (■ Vwll A ilxiat I A in ilL ajlLSj lAgJ jab (.**1. wSfl i inj^H .V W ^ 

i» <aj ^joiVI I.A^J A Sjl mil dlii j )*j]l dki (_jc i LoiSJil ^ij JaS3 I g J. W I (_jSJ j JlJla-a ^joiLj ■dalill dllaj^Jtjl 

dblaC. iiili ^jj (jl ^gic- AjiS j£ J jiJ dc- 4i^)*-a]l a-LajaiVI ^LaaJ ^iL-a'il CllbLaC- iiii ^jj jl 
(Jji^jl jlLa j-aJ(-i jj-a^l j jl ^ i» j La bl]j j A \"i^\l jxs ^ j^jill Aic- a-Lajoi^l (_>bj 4jjlLa]l i aJaJI 

.(JaJI dl&jaj JxsLtjl a-Liiil (Stack) 


(_^Aa.lj (_£A/J! die. jail ^-a (jxal »"i\\ l^-aldduil jfLaj ^glil I ^JjAjl (_5jiVI jjla]! j-a Jdi Ldji blliAj 

(Jiall ^^1 ^^glil^ll (Jia]l jxs b«-a l^Jajj ^lu jl i^gAc. (_£d jiS jj^j j jA jjla]l oLa 

^Li]! j jdLI (jib dia-jl ^^3 LiSjliLa jli jl jalldi jl dla-lll A jlxic. j) i all - uli dliaj t_jjjjjlj ^gja.jlill 
^gjl ^l'i~s 1 jj*-a (Jd jxs ^ jjill jb <ajjla]l oLa ^g3 j -t gJlaJI j jdLI (_g3 ^ 01^1 jl?-ll jjaijl dc. 
4jli i_sdJI A iLe ^lAilLaiL (Jdjl ILa (jib diii ^^jl dlajjjtjl i_ad. j-a Vd AS^ jsl -n 

,‘idl j Sjlai ^gi -biLiji-vxa (jxslSlL j jdJI U^a j^-«-i 
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Compiler for msc of cs 


AlljUC. jaC. / 4uiS — A x Al y 


l__£ jJjoiaSI (jjaflj djliljaj (Jc-lij .4.3 


oil ^ cjlijj3ij]l jjj (Interaction ) J&LLJ1 ja (jAdb 4 _Ljjja]I ^idal ^ 

4jtl]l L. n«*s Ldajlj i jj] tSflj i Lilik j jc.lj3j]l lift j eA^I j <JjS ^3 (_g jlua.a]l 

(_g3 ^joiVI (_>^j ^lAiduil ^»A& _jA j 4 -yxi^)4' d il » \ ^2 jliia-o L-lUn^a ibSljA j Igda^jj c_jjU-»<all 

LLri. t'lh’i C Ail AjIIjII CllUj j )*j]l dbaJ lil ^l!La3 £-^)Sll]l uixs (jjAJ (ji.lA 1 (j-« _Jj£l 


;typedef int i 
; int i 

4jLa& j£ jj3 jjx^)]l (JjA^. (_i^4 di^-lll 4 i\.a» J (jl Aj V ^awjLall (_jl3 L_illxxjJI lAA ^jl fi'vV j 

V ^»l ^)Sj]l (_£jjjota (_>oaj ^g3 (Jri9 1.1 Gjl m bllj& (jtS lij ‘-J jLaib 2Aaj j_jl 43Ldaj 

(jc. i aj^)*j 4 *d"i.a\l dlLa^Lt-a]! ^v'N's La ^ajt^rvll lAA ( _ s 3 4_j^»_ua (Jljjjai]l (jSJ j 

£. ji. ^LLa3 ?£■ jflill (j-« (_>^j ^g3 4jua o2jia^a]l djlsj^xj]! 

; C AiL 4-1 jiS.a\l 

; int i = 1 

(void f (void 

; int i = 2, j = i + 1 } 

{ 


3^2 (_yA (_Ja j f 4qiJ-» ^j]l (ji.lA (_5 >a]I j ^yCball ^2 (j jVim ( _gj]l 4 jjAl<a]l 4 ,aiq\l La ^jVI <_JI JjjoaJI j 

32 j ^uuixJI lAgJ 41 JJC. i ^ I j ^uuLail i aA^Luilui 1 .ag il 1 S3j-y j 

l^nJall All jl £ j djAi.'^l i ajj3ij]l 4jl jLiic-l 1 aj^)3tj]l ^lA^iml ^> 1 u j_jl ^jt-iilall (j-a (jj^j 

lAA j 4jJ ^2 ^jj La lAA 4qiq~s\l ^^2 j .^jjLoJI ^^2 lAlj^^jjai oAc-lfl] 

oAA J JjJuCLall i aj^Cill ^al Alijj a-Ltil (J oAi. 4j2Ldaj ^ajj i aj^atj (_]S j_j! ^j3al^)j2lj 

c> < '-jV (Sequential Declarations) ^juLiia]! djlLjaCill 4ijji> djUjj*L]l iiii ^2 4ijjia]| 

^^2 (Jj-^ <_5-^j oA^I j a^ya j (j-al jia (JSjoU djlsj^)»j]l ^ixi-n 42Ldaj ^jj (jl cdli (j-a VAj 

Collateral ) ^ jl jl4l djlij j )3ij]l 4ij^ia]l oaa j djlaj j >sij]lj (j^aLiJI ?■ j^JI ajLu 

djlijj*j]lj (j-aUJ! t. j^JI J!>Lk djl jjjxj ji.b jsjuoI ^ Iwu J jli 4 JUJI oaa ^ j (Declarations 
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Compiler for msc of cs 


jiiljuc. jac. / -Sl-iC-J — ‘UjjjXa 4uiS — A x x,\. y 


<^3 4jjj^)la]l c£LSj £jjj 4 ^ajJI d ll i» \ (j>»» ) cdljA j di-laJI l (jjJ J 4-1 JjjLaill l Lljat'iW ls3 j (j ■ u 

1 g »j<aVi (jSl j (J ^^ic. a^dLio i aj^)*j]l Aildal ^»^c. I^c-IjjI l. ilLlj ^^lill j djlsj^dill 

. djlsj^)*j]l ^l.a'N (j-a I Aic. jj-a^)ll (J (^1 cdlj 4 xj IgjSldal idlSJj-a (J jjLi. ^3 


JjjC-all t— 4 js jjAj c^'j (Recursive Declarations) <jj' j^' diijj*j]l 4 JU. IdaJ dlli a j 
clip.. (Recursive Functions) 4 jj' jl djl*l j*.yi cic- ^'j J) 

<4l^)"u.a.all a-mllll t_ )\ j ^ jSli ( _ s lill j ^^joill 4 jlL 4_jj'i^,aH 4 _j11j 1I ^3 LaS 1 g a-aSj Aijla _jll ( ^C- . Vi j. aJ 

(Greatest Common Divisor) ^^c-VI 


(int gcd (int n, int m 
;if (m==0) return n } 
;(else return gcd(m, n % m 

{ 

Jl gcd ^ Jl (»jujI AiLjaj J-oll <Jc* C * l^kj ^Lxii AjLLaJl <Li!a Jl Jj C5^J 

£^)JI ^Jj (J^j^JI Ale. (J_j. w\l ^9 ^jojVI Iaa ■ Wj J ‘Oli V]j 4qil-> ^jll ^»ni-y (_Jj 3 jj-a^)ll 

( ajLia_j]l (j-a \s. J j aJL^. 1-lpaj <ULaJI j 1 g a-alj 4iiia^]l 4_i3 ^-C. , Vi j. aj (_£ill (_£jlj£llll 

; ( _ 5 jaill AjJj 0 -alj^)i]l (j-a ^^lllll £.^aJI ^^3 Lafi ^jdilj-a JJC. (J^ dj jl^Slill \ g lu 


(void f (void 

{ g } 

(void g (void 


{ f } 

JjjL-uII ^L-aLj^jllI u) I g am\ ^3 (J (_Jj 3 Ailla _j]l ^jail Aildaj LiSlS (jj^J adli 

aJ ^3 (jj^j g Aiilaj^l j_jV f g 4qiJ-» »lc.^iml iic. A-ai.jlll ^3 Uai. f* v w i i Sjjoi 


4jl1 ^3 A Ktrixill o^A aJ >^3 J f 4iuia_j]l 1 g 'ilc.,V'ntil Jlic (J (^j l^jSldaj 

i_ijj*j ^jj AijluJI 4 JUJI ^ j (Function Prototype ) jJI cs-^ou J!>Lk ^ 

LaS f (_Jj 3 g A^iia ^ j 


/* void g(void); /* function prototype 

(void f(void 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u 1£ — (jaluil AjlaL^. 


{ ()g } 

(void g(void 

{ Of } 

(jV j f 4jiila_j]l (_)<ai.«M ^joi^I l3^J (j-aliJI (_£3-all £Jjoij!i 3S3 i g ^3 jxj i A ~s n j j 

^3 (_Jj3 j L^j ^3jdll i aj^)*j 3jc jjx^)]l (J j3^. ^Jl 4qi)-» ^j]l ^u>\ AiLjaLj ^ j'qj > a ^ 2 kj!La]l 

£-^j J 33C ^gk l^ij J Aiula j]l ^3j-aj jyj jjjUaJ CllAaJ (ji 3 j V ^flall jj Ig >n9l Aqjh j]i 

. l^_i.li^j dl j3-»» oil 

j_jx^)]l (J j3s». ^lAidailj A jj^ajl 3cl _jii] (JaLjo (JllLa 


3cl jill £-a l g 9>.o j (_ 5 ^l dlaj^xjll dlljj^a j)-a t33c (JllLa ^j 3£U (jVl 3j^)j 

^.iVuimn ^^lill A-ij*v 'ill 3cl_jij]l j . j^a^)]l (J _j3a. el-il (_^3 4-adal j dlgt-oll o3& jj* Vi ^lill A nVil >^tv\I 
(j<-»l •vll £.js»JI 4jl_dj 3*J A Jgjjq nil A n>>l_i^)]l dll^naLill J ■‘daliJI 4-ij~s 'ill 3cl_j£]l (JllLall l3& ^3 

;^JU]l£ ^ n^-i'il lg.il] dlii^)*!]!^ 


S -> exp 

exp -> ( exp ) | exp + exp | id | num 
let decBlist in exp | 
decHlist -> dec0list , dec | dec 
dec -> id = exp 


A n^n'il ll 3c I ^jall (jV j A-il3jil j<jS S (^jl^-j^UI _j<aj]l U A * •'~ 1 ' 1 ' 1 jjl 3cl_$ii]l o3& j 

A il.a» ) ^q'i^'nn cdli] i j~s ill 'ijd _j3a. 3jc A_il3j]l ^gi IgJLajS 3 j3Vi ^1 ^l'i Wi <iijjj-a (j^ajl .^tn ^^Jc 
A jjVill 3cljii]l adti ^^3 Lja^xsC cflljA jji Jsl^^Ijj _ Ja-lmilll (J^i jj-a £-asJI A il.ac ^^A JaS3 o3^.l j A ijl 

. j)~s'lll ojd a-Liijj (_j3a_5-a*Jl lift Jxallj ClLaU 33 t_jl^jcVl o3 ^ j (ji (_j3aj!ii3 (j ^ J 


id , num U-« (ji Jtlall I3A ^ luli A^j\ >«<a 3jjd 3C I j3 al3aJLml ; AajLuJI 4i!LaVI (JiLa J 

PLim o3^)i^a]l (ji (_pai^)j3l j)S-aJ i."n~s dl3 j )La]l ■‘Cl^^a a-liil La^jLiiSjj 3 j3^Ii aj (jlj3^La La& 

.1 Sj^)iJI jj-a 4jjaalui ^A j(j o3^)La]l j ^ISj^i j)-a <LoiLoi ^A 


|' £ LiiVI Ajj^. ' ill o3clfl]l AliLaj (j3ll j A_ij)~s 'ill 3cl jail ^^Jl dli i^aCillj (_j^aLkJI f.^aJI 3sl_dj aj 33 j 


exp -> let dec-list in exp 
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Compiler for msc of cs 


AljUC. jaC. / ilicj — — ^jalAI A x x ,\. ri 


j cl (JSaII (gJc UJ& 1 (5 j ' ,' ^ 1 >■*•»! ill \ jjj Alaj^)*iill (j m 4jt_A2La Alsj^jxj (J-aAj 

; JUI JIU1I US = exp 


let x = 2 + 1, y = 3 + 4inx + y 

ciu^j CjljAwLil] s-UjoiI la *!i let S-ijUll (gill dilij j )*j]l (_jl UjAill 'iAiUll ^gi let j^Aill 4 JV 4 j 

Al^uaiill UuA »UkA/l oi& (jc. 4 > >il at "n «1/U jp oi^Lall UJI ( g3 e-UjoiVI Ali !■» Ac ^A 

^ill j jp oi j >Ull ^ill jjiat'iW 4Alg_ill 4-ajkll j& let jjjAII 4-aA jli £fUljj .a-UjaiVI I^JUj ^gill 
^jic Ali Ac j ^jaiVI IU 4lUj UJ\ J-Uatiill UuA AlA j >atii]l ^ ^joil (JS (JlALml At-J 4_jUiik. ^»A 

let 4-aA jli ^glUlljj 7 4-aAll (JlaJ y P-U^/l 3 4-ajkll (JllaJ X P-mVI (jli JjjUill JUall 

. 10 


CAl j51l AIsj^jxj 4_±Ai Igjlc | _ 5 jUj ^jAl AlA j >aij]l (ji Aj I et J^*a 1 Ig 4l'i.l]l (j-a j 

(_£Aall Ail j3 i Uaj (^Jl ^lAA (jiAS ^gJIiilljj 4jt_lll o^-J 4_kUUll 4 IlSlI (JUj 4 jUi | e t AJ. 1 *' 1 (j^ J 

^gi ^-ajAi <LLUill 4jjAill Ail jiSI (jl Alia. Aljiiatiill Ullj ^ AjlA j >atiill (jjj (Jclilll j 

; ^glllll ^jllatill (JlLa (_£ jXuixa (_^l ^gll |et AlljllxJ 


let x = 2, y = 3 in 
( let x = x + 1, y = ( let z = 3 in x + y + z ) 

(in (x +y 

( 


I Ail j JjiUill jnat'ill 4-aj3 AAaii (jSlxsj ^glia. Al jnat'ill tilth (jiaUJI (_£Aall Ail j3 ^ jj ^»jA (jVI J 

l^gj^l _jnatMI (jl jgAt-al ^jmMI (jiA (Jl/U. ^joa^l (_>aA l oilclj ^Uull ^Au 

let x = 2, x = 3 in x + 1 

_l Its la* jj aal > ■< JJC- jiutJ 


^gi jl Jjjatill 4j Ai.jj L^lll (_5 jUiaII A^)*-a JJC ^jail ^ 5 ! (jl£ I jj 4Aliill oAitall Ul 

| ( gll!ill ^jliatill (JlLa lAU. jl^Jal ^jA 4Aa (gicVI ALajAoiall 
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Compiler for msc of cs 


A_ujjAa /^jlxl\ 4u 1£ — (jaLull AjlaL^. 


let x = 2 in x + y 

t—ljiiVl £- jilll IAiaI ISaj j-LUilill ^joia. ^gJI Alaj |gt J^*^l <_gi (_£A-a]l (ji AiilLill SJftlSlI j 

! (_gjV! juull 4-aj3 ji ^gjjt-aj 4 Jj£L1I (_]£jA ^gA 

( let x = 2 in ( let x = 3 in x 


x = 2 l>^j x = 3 ^ let x ij^j 2 u^j 3 ^ 

_<1 t_jjaVi i—LjxjII 4_jV 


4juLiLa Ig-jl ^jic. jm'ill (jjiiL 4-ajli ^gi jjj <Jc-Isj]I AjA^jj AjlgjJI ^gi j 

<^a 1 I a.LsjoiV' lK AijluJI ^ .^naj ji j£^j ‘-ijjaj <_£ ji (Sequential) 

; <_5-iLill !>llaa <lilaj (jill Ig jio 


( let x = 2, y = x + 1 in ( let x = x + y, y = x + y in y 
<xsjkll jli 8 Ig'l-a/a jli 4-ijLill y Lai 5 IfrLaja jj£L 4-ijLill x j 3 t^laja jj^j J jVI y jli 

jjj (Jclilll J (_£A-alL AlLLLail Ac-I _j£]l £jJaj jxs A*jj jVI J 8 ijg& (jjjLail let j].i»‘ill 4 nl g ill 

^AH J 4iL/LiH £- jSjll CjLjJjot/S jA ( _gjalLal'y I let <Laj3 C_]Lali. ^gjl ^£jts]l 1 jC- Aj Ll]lsj j >*j]l 

_4iLLai]l 4 -\L.oH 4-ajAAJ 

aJJ ji (gic- 4jLLail 4jj^j]l Aclj<i]lj -Ljjjlia) ^glll 4 -JVa]I AC-Ij£]I CllVAla-a AIAc. 1 jV! Aj^)j jp-i J 
(gjll (Jc-lilll J (_£A-all Ac-I jSI liaj lilB J let CjIsjjju 4julia ^gi jj-ajll J jAa. alAaJlml 

^i Ladlui jl£ I A) La Aj. wMI ^2 JaS3 jjx^)]l (JjAi*. ^lA^Luil aJJ j. a jaJajiilllj _ 1 g 9 > .oj jxs 

jlS I a) true jj5L (_ 5 -lll j err 4 » n.o.a\l 4 n.ol 4>\1 c. A j t s ^joi j _ »l L»~^i j ^ > >>'i 1 

4ja-aliJI j>s (JS ^gjj ^llaJ lillij ^LiiU j _Ac.ljil] tSa j LajLai jjLmiill jl£ IaI false j s-LLi-i ^gic. 

^aj Ig'ioj'a jjSj 4 j>^il aJl oaa j let 4 ^3 jlaj^*j]l jl£ IaI La aa^L ^glll nestlevel ^ jjj^' 

.£■ ^)Sj (jl jgA <iAj]I (_Jj 3 0 ^ <ajall AikLi j let 4jjSIl ^gJLiJI jjj]! lua jC- ^)Ja-J C_uL a JJC- ^’J'n -.o 

CjLilaaJ! liiij jV J jj-a^)il J jAs^j 4-^LaJI dllAaa 11 ^ja3> ^gJI ^Lisj i_s jjoi Symtab 4jj^aliJI j 

^aLiAaVI 4 _Jaiaixi i_]SjoU I g ic- ^U3«jJI ^alu i a jjo> iAUa! 4j]^/a]I Afrl jij]l (jLLi. jxs 1^-alA^iml aJJ > ii 

^a oAjA^JI dlLa^jLt-a]! 4jLAaj A*J U cs^" ^ (J jAa. Aiwlj i S jjoi 

aja^. j^-aj J ja^j a j3«j <_a jjoi insert(s, n, l)i lli . jjAj ^gL^aVI <J j-^JL ilii^VI 

jjjij ^Afr ^a | ^)ij]l ^ jLma ^-a p ^joiVI 4iLAaj ^-a S (J (_5 ^ (_5-^l CllLa ^jL«-a]l ^gic- (jjii J 

jLlikL? j j J^^l (Jj-^ j-« 1 * 4-s.ll 4jjsaala 4jLaC A ojjjjJa t£3ljA (J-jJs . S (J 

jgA Ia jtS IaI 4 J <. - i*sl >^ixi\l ^aiill y.i mu ^-L^jjjail aL j a! jA^ ^^a ^joiVI a 

n '\' true ^L^ jL JjII isin(s , n)i ^ jLliLt adliA jli t Jja^JI 
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Compiler for msc of cs 


^ac- / dldc-j — 4 _uj_j.Aa /^jlxl\ 4_a1£ — AjlaL^. 


jj& j IS lit 1- £P jj j' s jp 'j5t Jj^?- Ap.p jjt (jlS lit false j s Jj-^' ^ Hpp 

_ A $-0 

4_JVa] 1 Ac. I CIiVaIjl-g 5-jIj^ (jVI ^j]Vu*n i** )\ \\ax 11 &AA £-aj 

US a pall ^aaJI jic.1 jill diljpdllj a ..U dll err j nestlevel j symtab aIDHII 

l 5 ^' intab j* JjV' decl j dec-list p AS £* jp u i^'U * jJjAa. ^lAdU -Ualli dip. 

Aildal AatJ (jSl J JjjUill (JjAaJI (jjaflj JllaJ All OUttab ptill J dllajpill (Jjfl jpjll Jjp Upl 

a_p j Aic. dj-idi (dll j errtab jpjl! J jaU Aj-sald a! L a. jpd* Up! laa.!}l: US djlijjiill 

.(_£Aall All jij A k\\ A .a I A -y 1 Y 1 i_Jljpi]l ^2 Uad 
Apal jlsVI Ail] dVVi I J^d] . 

^ Ip A^UJI Aipdll Ail jail a. i.^i j pj (^gJjVl oAa. ^jll ^3 IpalUl aJ ^pll AjjdapsV! Ail]l (jl 
dill diVVAl (Jildi oAa. j (j Ail i—s jjoi j AiAiill dlVV-AH A ..U dJl l pi d-iid ^2 A lapi Apl^)]! eApjll 

V us djUUll £-ljjl jl idulpll Aid Aa.jl V J Ail]! oAA ^^3 Aadal j d il 9 ijii (_gl Aa.jj l/ls A ]al ..nil 
dip ^lAdlmVI (JUd I dada Ipj^jii pi ^pll dllpidal! pa Jais ^Adddi eUuiVI j dllp-l^pj Aa.jj 

Pjj Vj (Integer Variables) Upa dil jpU Ipl dil jpUl! jp aLU* pj 

V j^p^)ll (J jAa. jli dllil J JUSlb palj^)i]l (JUd ^pa-all (_pj pidall paiV (jjSj CS^^Wj 

_^Aal! ja-ixdj dlU _jL«-a (_^l £-a (Jxlilj ^jV ^Ua j 

JSp UlisUal JjVl ojI> J) Apal JA^\ Ailll dlti djVV^ 1 ]‘u\i^LLq ^ A Al*q 1 i_fl ^-UJ 1 AA 

^Llj ^LgLoi <jaiij CIjVV-^ 11 (Jl *\ a <." c. <3 ks-i A j CIjLiLcjiJIj jll 

. jj^j' 


AlAaljjsV! Ailll (J jAa. .1.4 


^^lll djU jkd! AjAaj *^j! LpJ Aidal^jisV! Ailll dlW^ (_pldl! jj-a^)!! (J jA^. apj^ll 

(dlU A*-« J dlljLnl! ^ jj (Judj dlU A*-*!! oAA (jlj ApUil Aib-sajj .(J jApl! IAA ^^3 lg-J Alala.V! ^liad 
jj (j-a dll^iiial! ^i<p j_j! US (_^Aal! (_jc dlU A*-« AidaljjsV! Ailll j_jl dip j .(_£Aall 

f.Liil (jSl j .djU jLua!! oAA (JlLa ^Ac- (_g J-U j (jl ^l"i~s i V (J jda. (jlj dilll Aivpj^all dlLiLnll 

^c-alj^)!]! I g jU djl^^iiial! dllj (jli Upjill (j-a (■ aApuiall ^^sLi^)!]! o^jid AlU^p 

(jli dll^^iiial! oAgJ i_aj^)ii Apjj V A_i^/ j o^jSIaII ^^3 IgJ jlja ^1 ^Udi Al/pjj t_i jU-ioll 

i S jjoi j ojSlAll ^^3 djl^jiiial] (_pu-iadxill ^3j>il^ Ulida^U ^^jHaiall (jlS-all _jA (jjA (JjAa. 

jiila JS ^ Ai^lij ^li (Integer Counter) ^p 3 Ia*j a L iLaj pp ^ 3 pll Iaa ^jl ^jV! 

jj;l-i..ill Avails Ailjj ^2 Uiail (JjApl! aAdlm i i Sjjoi oAjIs j A jAa. 

A laml^i UAj- 1 fdp) (_ 5 jl! djU A*-*!! (jlj t(JllLall (Jpi (^^Ic- J .^^H^jll! ^2 (_JS l-»i 

A nQq'i JjjUiI! ^-“H^jlll (jisi _jA J Apdal^jisV! Ailllj pj jliSull (j-ltlll ^“H^jlll (_pl j )i3lj j^a^)!! (JjAp 

\ A_ill jjiajoil! ^tSjl AsLdal A*J (jSlj (_Jl3 (j-a Ailll oAgj 
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Compiler for msc of cs auIojc. j^c. / jIjc.] — 4_u3alj_>ll ^ jl*JI dj.i* jUI — jalult 

sample program} :1 
computes factorial :2 
{:3 
;read x :4 
if 0 < x then :5 
;fact := 1 :6 
repeat :7 
;fact := fact * x :8 
x = x - 1 :9 
; until x = 0 :10 
write fact :11 
end :12 

LaS (j j - ■' <3li JjjLoi]I cJ _j4a. e-tdil 


(j-a ^)lajai]l ^3j j > 4 (_>aSj ^^3 a^ya (j a ^)j£l ^Jjadall jj^Ja j_jl 4 l-»*s^La £-a 

^jA 4jlaJI o3A ^^3 (Jj3aJ C_bjil Lall (JfLi^JI (jl3 La jmC- j . (Jjla. Jjiiajl IjlA £-a sj< 

lilliA L yula (jAxJI (j& J <^k CiL« jl*-« 3a. jj V 4_iSf j (Hash Table ) c^' j4udl J j3aJI 

ojSlill £3 jjs j j^h'I ^3j Ja£a filial 43LlaVI 4_iLa& Lai .(J j3aJI (j-a 1 ° ^ 4_iLa»J ijjjJa 

_(J j3aJL ^)jiaa]l ^jail £3 jji (jc diaJL ^»jijj dlaj]l 4 ilxic. Ijja.1 j ^jjidJI ^joiI ^^Jl 4iL3aVL C \\ ila» /S> 


4^ial jjaVI <illl uVVj cJi^« .2.4 


3aJ jjxjll (J j3a. (jj£ ^^3 4 j 3 iVaMI 4 a.a^)jll i." \\ it \ £ja cdjlidi 4_alaljjaVI 4jt_l] 4 jjIj]| dlWcll (jl 
44 . — «\l I^A ^3 j .4 » n^»xi 4 u.ol a jA jjjim (_^lj 4_a^>laJI dljLij]l jj Lajjj i4jjjjjJI (j.-»'il 
dLiLiJI £- jj jA j 4 -v ia ..oil allLiLiJI i_s!)laj ja.1 dLiljj £- jj Llajl lg-J 3a. jj 4jlUI o 3A jjl ^1 ojLj'^I 
(jj'i-\ja..o j)jj.aj3 4_ijLLa] 4 a/n^ Jaia j^Jaj dLiLiJI jj-a jja^/l £- jlll l3A j)£J j (Boolean) AjSjaiaJI 
(j-alall Ja^jjaJI ^^3 ^Jajj _4 jl 1]I ^3 I^A (j-a dll jjilia ji dLiLat 3a. jJ V 4jV 
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Compiler for msc of cs auIojc. j^c. / ^ jl*JI “Ujj. 1* jl*JI — jAull 

<j' V Aji US <jL& ^ jj]l liA t>> j$_k <_jl (jl«j V j repeat j-»' J if j*U 

write J-al j Cilia, (Jlaj 

^ 4-kml of-Lij j_jl (jksj 4 nk^jiia^n 4ii]l oi& ^2 (J j-1^. (jli la ye£- j 

o (Preorder Traversal 
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